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THE TEMPERATURE EXPERIMENTS. 

By Captain H. A* Denholm Fraser, R.E., 

DBPVTT SUPBRIVTBNDBIIT, 8URVBY OP IMOIA, 



. t. As soon as the first set of Watsod's Magnetographs was erected in the underground roonl 

p .. . ^ ^^ at Dehra Dun, arrangements were made to find out the 

re iminary angeme s. temperature co-efficient for the horizontal force instra* 

ment. At this tinae the two remaining sets of Watson's Magnetographs had been received, 

and as the magnets and quartz fibres were interchangeable in all three sets, an excellent oppor* 

tunity was at hand for finding the correction constant for each instrument. 

4n order to correct for changes in the horizontal component during the period occupied by 
each experiment, magnetogfraph No. 2 was temporarily erected on wooden trestles in a room in 
the 1 2-inch photo-heliograph observatory. This room was moderately well protected from 
changes of temperature, but being very close to the massive iron dome of the observatory, could 
only be used for magnetic work on the condition that the dome remained unshifted, and this condi* 
tion Was maintained throughout. 

Two small brass stoves for burning charooal and the necessary connecting pipes having been 
prepared, the first experiment was commenced on 3rd January 1902* Previously to this date^ 
and at frequent intervals during the whole series of experiments, absolute observations were 
taken with No. i Maraetograph by Cooke for finding and checking the base line values of both 
magnetographs, and for the determination of the value of the moment of the magnet used in the 
deflection experiments for finding the scale values of the horizontal force magnetographs. 

2« Work commenced as early as possible in the dav, by the observer noting the temperature 
-,, ^. u-j 11 J •!. J ol the H. F. thermometer in No. a Magnetograph 

The routine briefly desmbed. together with the time. He then did the same in the 

underground room (No. i Magnetograph) and lit the fires. Thereafter temperature readings were 
taken every 15 minutes in the underground room and every half hour for No. 2 instrument, and 
the fires were replenished with fuel as often as necessary. After a high temperature had been 
maintained for some hours, the doors were opened, the fires removed, and the room was allowed 
to cool down* Usually no readings were taken after 4 P.M. 

3. No. 2 s*t was started on I'Sth December and records were taken daily till the 3rd January, 
r,. . ^. • . . . the date of the first experiment, to make sure that the 

Diary of the expenments made. • ^ . . ^ , 1 j-^* 

^ mstruments were in a stable condition* 

In the first experiment magnet No. i "With fibre 2 was mounted in No. i instrument, and magnet 
2 with fibre 12 in No. 2 instrument. 

The first experiment failed after a few hours' Work owing to No. 2 instrument (which was 
mounted on trestles), receiving a jar whilst a temperature was being read, which threw it out of 
adjustment. During this experiment the glass covers had been kept in place over No. 1 instru- 
ment in the underground room, but it was found that the lag of temperature under the cover was 
so great, that it would be necessary to remove them in order to complete an experiment within 
the limits of a working dav. Accordingly the cover of the H. F. mstrument was removed, No. 2 
instrument was re-adjusted, and after working satisfactorily for two days, the second experiment was 
started on the 6th January, a little after 7 ovclock in the mom ng^the doors of the underground 



room having been left open all the previous night in order to start with as low a temperature as 
possible. 

The next few days were occupied in the temporary reduction of the observations to see 
whether any change of procedure should be adopted in future experiments^ and as the results 
seemed satisfactory, the following changes were made on the 13th January: Magnet No. i and 
fibre 2 were transferred to No. 2 instrument , and magnet No. 2 with fibre 12 was adjusted in their 
place in No. i instrument. After allowing a short time for settlement, the 2nd experiment was 
carried through successfully on 15th January. This experiment was repeated on the 20th January, 
and on the 22nd magnet 2 and fibre 12 were removed and magnet 3 with fibre 6 was mounted ih 
their place in No. i instrument. No. 2 instrument was not altered. 

• 

The next day another temperature experiment was made with this new arrangement and was 
repeated on the 28th. During the experiments made previously to the 23rd January, temperatures 
were read on a Fahrt. thermometer a few feet away from the Cent, thermometer in the horizontal 
force instrument, but as the temperature changes in the room were ofcen very rapid indeed, it 
was afterwards thought advisable to read a third (Centigrade) thermometer suspended vertically 
almost in contact with the torsion tube of the horizontal force instrument. This enabled a record 
of the differences of the temperatures of the magnet itself and the air immediately surrounding 
the instrument to be maintained. 

. On the 29th January, magnet 3 and fibre 6 were removed from No. i instrument and magnet 
2 and fibre 12 remounted. In removing this magneton the 22nd, one of the 5 delicate glass hard 
magnets was accidentally broken. A spare magnet was mounted in its place, but this made it 
advisable to determine the temperature co-efGcient afresh and find out whether the repair had 
caused any change. After completing satisfactorily this 3rd experiment with No. 2 magnet, the 
original intention was to close the cycle by repeating the first experimenti thus giving two inde* 
pendent determinations for each magnet and fibre. 

However, an examinati(»i of the records obtained during the experiments with No. 3 magnet, 
revealed the fact that it had behaved abnormally. Either owing to a shift of the torsion tube as 
a whole or to the slipping of the quartz fibre at its points of attachment to the metal clips, certain 
sudden jumps were observable in the photographic records, which led to a further investigation 
pointing to the fact that a considerable slow shift in the base line ^value had been taking place. 
As it was thought that the peculiarity* must be due to slip, the ends of the quartz fibre were 
resoldered, but on remounting magnet 3 and fibre 6, and observing their behaviour by eye, it 
became evident that the slip was worse than before, so that No. 5 fibre was then tried in its place. 

^A series of deflections taken with this fibre in use showed that the magnet was steadily shift- 
ipsf fnto a position of less strain, the effect being apparently due to the inability of the solder to 
hold the ends of the quartz fibre rigidly. 

This fibre was tried only for a short time, and was then removed and replaced by fibre No. 3. 
The first set of deflections taken showed evidence of a similar but smaller slip, so the system was 
left in position for i^ hours and again tested by deflections which this time gave no evidence of 
any tendency to drift. On the 5th February a trace was taken and the next day the temperature 
experiment was proceeded with. 

The trace taken on the 5th when developed showed unmistakable evidence of the instability 
of the system, so no further trial was made with this fibre. On the afternoon of the 7th February, 
fibre No. 4 was substituted for No* 3 and traces taken on the 8th and gth. Though considerable 
drift had occurred at first, the system seemed to have settled down on the gth and a temperature 
experiment was therefore made on the loth February. On the nth the fibre appeared to be still 
$rvriT\g results free from drift, so, the 2nd experiment was made on the 1 2th. From that date till 



the 20th records were continuously taken with magnet 3 and fibre 4, in order to test the behaviour 
of the system, and on the 2ist| magnet i and fibre 2 were removed from No* 2 instrument (in which 
they had been giving records since the 13th January), and were suspended again in No. i instru- 
ment. 

Fibre 4 and magnet 3 were then erected in No. 2 instrument and satisfactory records were 
taken on both till the 24th February on which date the second temperature experiment with 
magnet i and fibre 2 was carried out, thus closing the series. 

From this date onwards No. i instrument has been used for the routine work of the obser- 
vatory, but No. 2 instrument was dismantled after further records for about one month had been 
taken in order to test the behaviour of fibre' No. 4. 

The reduction of the results was postponed till some months later owing to urgent work at 
the time, and there was no further opportunity of repeating any of the experiments which proved 
doubtful. 

4. The first thing was to obtain an approximate value for the temperature co-eificient| in 

•rv -^ i.- t xt 1* order to correct the records of No. 3 Magnetograph 

^ The reduction of the results. j - ^.i. • ^ j -i.!. xt j ^ 

during the experiments made with No. i, and to 
evaluate the base lines of both instruments. 

As a first approximation it was assumed that the temperature co-efficient was the same fOj. 
both instruments. Several experiments were then worked out on Form C, the figures in column 
10 and 14 being omitted and those in column 4 corrected by subtracting from them the 
corresponding figures in column g. 

Column 15 was then column 7 ^column 13, and the approximate results in column 16 were 
obtained by dividing the figures in column 15 as thus altered by those in column 4 corrected as 
explained. 

In this manner it was found that + 1° Centigrade was approximately equivalent to — i2'oy^ of 
ordinate, and this value was used in both experiments made with magnet i and fibre 2, for reduc- 
ing the values given by No. 2 Magnetograph {vide forms C i and C 10). 

(When subsequently working out the first of these experiments it was found that the temperature co-efiicient of 
magnet i and fibre 2 was very nearly 1277 and as this system was suspended in No. a Magnetograph during the 
whole of the experiments with the other magnets, it was used throughout the reductions entered in forms C 2 to 
C 9 inclusive. In view of the small range of temperature of No. 2 instrument it is clear that the errors introduced 
in reductions C i and C 10 due to taking the temperature coefficient as 12*0 instead of about 12' Sy can only change 
the results very slightly and it has not been thought necessary to recompute these two experiments using the latter 
more correct value.) « 

The absolute observations were then reduced and a mean value obtained for m° (the moment 
of magnet i A at zero Centigrade). This magnet was used throughout the experiments when taking 
deflections for finding the scale values of the different systems in the manner now to be 
'explained. 

5. In Watson's Magnetograph the scale value of the H. F. instrument is found by noting the 
Method of finding the scale value of the H. F. deflections produced at a knpwn distance by a magnet 

Magnetograph. of known moment placed in the " end on " position due 

south of the suspended magnet. 

• y is the symbol generally used to denote o'ooooi C. G. S. units, where C. G. S. stand for centimetre, gramme, second 
respectively. In the English system the corresponding units are the foot, the graini and the second. 
7 « 0*000217 English units approximately. 
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In the figure, S^ N^ is the H. F. magnet constrained into a position of 
90^ from the magnetic meridian by the torsion of the suspendmg quartz 
fibre. Calling 7" the torsion co-effictent of the fibre and A the total twist in 
degrees imparted to its upper end in order to carry the magnet from the 
magnetic meridian into the position shown, then the torsion couple is 
represented by T (A— 90°). 

Then if m^ be the moment of the suspended magnet and H the horizontal 
intensity, we have — 

T(A-9Q'')=m^ Hsin QO^'ssm^H (i) 

Suppose ff to become H'^A/I, the magnet will be deflected in the 
manner shown through a small angle a, and we get— 

T {A-(9o°+a)} =»ii {H^A H) sin(90^+a) 

=»«i {H'-A H) cos. a ....(2) 

Now let us suppose that H does not change, but that the magnet is 
brought into the position of equilibrium represented in equation (2)^ by 
means of another magnet of known moment m placed as shown in the figure 
at a distance r^^CC^. 

Then, providea a is small so that cos. a is sensibly equal to unity, the 

2 1ft IK P 

couple acting on the suspended magnets r— ^ (i 4 -«^) where /^ is the 

distribution co-efGcient of the magnets. 

This couple has by supposition caused a deflection a so that— 

P 



whence from equation (i)— 



Substituting in equation (2) we have— 



2mm 



ntxH ^{i^^)^m,{H-'AH)cos.a 

or AHssff (i— sec a)+sec a— 5-(iH j-) 

Putting sec as i, this reduces to 



. •• 2m, , P X 



p . 



In practice r is about i metre, so that -j-is negligible and we obtain 



A^= 



2m 



Then if x be the scale value in C. G. S. units corresponding to i mm of ordinate on the 
paper, and if « be the measure in millimetres of the deflection produced by the magnet whose 
moment is m, acting at the distance r from the suspended magnet, we have 

Ar«= A H = — J- or x= p (3) 

In this expression m is the actual moment of the magnet as used for taking deflections and 
should be written m% where i is the temperature of the magnet. Calling m^ the moment of the 
magnet at zero Cent., we have 

where Q is taken from the table of temperature corrections for the magneto 
Hence equation (3) should be written 



nr^ 



(4) 



But as the measuring scale used is divided into twenty-fifths of an inch, whereas x in formula 
(4) is in terms of 1 millimetre, the factor i'oi6 must be inserted, and we get finally 

jri= 1*019 X 5_s — ii where x^ is the scale value corresponding to i-25th inch. 

The distance r was measured with beam compasses from the centre of the suspended magnet 
to the centre of the deflecting magnet and the accordance of independent measures taken by 
different observers was gseater than might have been expected, the greatest difference being less 
than I -50th inch. As a matter of fact r is not required with any very great accuracy, for in practice 
the average length of ordinate is about 60 mm^ and it will suffice to measure this correctly within 
'ooooi C. G. S., %,e. ly. Taking ;r=5y (its approximate actual value), we see that it will suffice to 

, X I . 

find X within j-6o= of its true value. 

5 300 

Then by giving approximate values as follows : xn=920 C. G. S., rsioo cms., ^=57, and 

substituting in equation (3), we find «=36'8 mm. If we now change x into x + and using 

the value just found for n again solve equation (3), we obtain r=: 99*89 cms. • 

Thus it will suffice to measure r correctly to 0*1 cm., or say i-25th inch, and the method actually 
adopted of measuring the distance by beam compasses is therefore quite good enough for practi* 
cal purposes. 

In Watson's Magnetographs there is a simple arrangement fw taking visual deflection read- 
ings, and the time taken for recording a complete set of five readings, the magnet being reversed 
every time, is only about two minutes. 

In No. I magnetograph two deflection distances were used at about 100 and 120 cms. ; in 
No. 2 instrument the nearer distance only is available. 

The following tables show the values of the scale co-efficients determined during the various 
experiments and used in the reduction of the results :«• 



Table A x. 

Abstract of scale values found for No. 2 H. F. Magnetograpk during the temperature 

experiments. 

Formula «iS=roi6 — '^ where «j is the scale co-eflRcient for i*25th inch. 
The mean moment irq of the deflecting magnet iA=ioo4*23 (Table B). 
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3*70 
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The mean value 
, 370 has %ccn 
used through- 
out this period. 



Table A 2. 

Abstract of scale values found for No. i H. F. Magnetograpk during the temperature 

experiments. 

Formula «i=i*oi6 ^ . ^ where x^ u the scale coefficient for i-25th inch. 

The mean moment m^ of the deflecting magnet iA=:xoo4*23 (Table B). 
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The agreement between the two values of the scale co-cfBcient for No. i instrument as shown 
in this last table is satisfactory and justifies the omission from the formula of the term involving P. 

It should be noted that the distance r was measured once only for each instrument and 
subsequently corrections were applied to this distance by noting the distance of the centre of the 
magnet under trial from the centre of the box in which it was suspended. 

6. Using the values found above, tables B i and B 2 were then completed, which give the 

„ J ,. . ,^ . base line values obtained by using an assumed tem- 

Reduction of results resumed. , m - j. c.'i- -. jt ^^ n^^*. 

perature co-eflBcient of I2'5y per degree Cent. 

throughout The greatest differences of temperature from the selected mean amounted in the 

case of No. i instrument to + 1^2 ^^^ "" i°*2 on the 24th and 4th January, respectively, and in the 

case of No. 2 instrument to +3^' 2 and + i°*9 on the 19th February and 30th January, respectively. 

Consequently the errors due to taking an assumed value for the temperature co*efficient in place 

of the actual values subsequently determined does not appreciably affect the results. 

The reduction of the ten temperature experiments was then completed, the results of which 
are exhibited in tables C i to C 10. 

•The charts reproduced at the end of this paper were then plotted and tables D i to D 10 
drawn up with a view to studying the behaviour of the instruments during each experiment. 
The conclusions arrived at are printed at the foot of each table and dealt with in the Appendix, 
and show that in most cases there is good reason to suppose that the magnet and fibre under 
experiment underwent changes during the course of experiment, and the only results that can be 
accepted with perfect contidence are those given by experiments Nos. i and 2 with magnet i 
and fibre 2. 

7* The effect of a rise of temperature on a system consisting of a magnet suspended per- 
General considerations. pendicular to the meridian by a quartz fibre is (i) 

to increase the torsional resistance of the iibre,* 
and (2) to reduce the magnetic moment of the magnet, so that on both accounts the value of the 
horizontal force will appear to diminish. But if the temperatures of the fibre and magnet are 
not the same, the resulting value of the temperature co-efficient will necessarily be incorrect. 

Thus, supposing the temperature of the magnet (and therefore its moment) to renaain con- 
stant whilst the quartz fibre is heated, we should expect to find an apparent decrease of H. F., 
and vice versd if the fibre were cooled. Consequently, if during any period of the tempera- 
ture experiment the fibre is — j — than the magnet, the resulting temperature co-efficient will be 

too — ^by an amount probably bearing a certain ratio to the difference of temperature between 
the magnet an^ its fibre. • 

Ontheotherhand, for a -j-^ip-^ temperature, the effect of any I^ of temperature of the 
magnet behind that of the attached thermometer would make the temperature co-efficient too 
j , because the apparent change of force as measured from the curve would be divided by too 

^a quantity. 

Disturbances produced by air currents would not be expected in an instrument of this class 
because (i) the volume of air immediately surrounding the magnet is very small^ and (2) the 
period of the magnet is very short and the copper damper acts rapidly. 

• Threllall (PhiU Mag., July 1890). 
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As a matter of (act thett is no sign of ftizziiiessr about any of the traces during the tempera*' 
ture experimentSi and it is clear that this source of error did not exist* 

A study of the diagrams shows that in every case the temperature co-efficient commences 
almost at once with an abnormally high value, which falls very rapidly whilst the temperature ot 
the room is still rising considerably. This, as above shown, is conclusive evidence that there was 
no appreciable lag of temperature of the nnagnet,. so that the readings of the thermometer in the 
damping box of the instrument may be accepted as giving the true temperature of the magnet 
very closely^ 

The quartz fibre is carried in a small brass tube, whereas the magnet itself is surrounded' 
dosely by a considerable mass of copper, and as both were equally exposetf to the air during the 
experiments one would expect the tube and its contents to pick up the changes of temper- 
ature more quickly than the magnet and its damping box. Consequently, though the tem- 
peratures recorded by the thermometer may, and probably do, give the temperatures of the 
magnet throughout the experiment without appreciable error, there is primd facie resson to expect 

that the temperature of the quartz fibre must have been ■ , , . , that of the magnet according a^ 

r .1 risinfif 

the temperature of the room was , ,. . ■ > 

Now an examination of the charts shows that in every case the air temperature considerably 
exceeded that of the magnet till the process of cooling ofiE commenced by opening the doors of 
the room and removing the fires. Thereafter the temperature of the magnet read higher than 
that of the air, the difference between the two becoming less and less, but being generally quite 
appreciable at the close of the experiment 

From previous considerations one would therefore expect to find the values of the temperature 
co-efficient too great during the first or heating up stage, then dropping rather suddenly, though 
slightly, as soon as the doors were opened, and finally rising again to its real value as the difference 
between the tempei^ature of the air and the magnet gradually disappeared.^ 

Tables C i to C lO and the diagrams shx>w that there ha» been a general tendency throughout 
the whole series of experiments for the value of the scale co-efficient to behave in this way, except 
that in the majority^of cases the scale value has shown no tendency tO' increase again towards the 
close of the experiment. 

If any displacement of the instrument as a whole occurred as a result of the rapid tempera- 
ture changes, such shift would be shown by a displacement of the base line formed by the light 
refietted from the small mirror attached to the base of the instrument. A careful examination of 
t^e curves shows that the amount of shift from this cause was very gradual and small in amount, in 
fact too small ta be taken into account as its maximum amount never exceeded 0*2 scale division, 
!>., '008 of an inch. 

8. As above noted, tables C i to C 10 show that there is a general tendency for the computed 
_ . r It rcu values of the temperature co-efficient to decrease some- 

Correction for sUp of fibre. ^j^^^ ^^^^^^^ towards the close of each experiment 

During this period the system was cooling, so that, as explained in paragraph 7^ an effect of this 
kind was to be expected. But the diagrams show that whereas the differences of the temper- 
atures of the fibre and magnet were small, the drop in the temperature co-efficient was generally 
Uirge and could hardly be fully accounted for in this manner. 

* Throughout the reductions the temperature used in computing the temperatuxte co-efiicient was that recorded by 
the thermometer embedded in the damping bos of the H. P. magnet. 



As however Ibe drop in the tempr.racuic co-efticient could be explained by supposing^ that the 
system under trial had given way or slipped under the strains induced by the rapid changes of 
temperature, it became necessary to investigate this point by comparing the records given by the 
two sets of magnetographs before and after each experiment. 

G>nsequently Tables D i to D lo were drawn up and they show conclusively that, except in 
some few cases, slip must have occurred. 

The curves taken during the actual experiments when examined showed unmistakable evi- 
dence of slip only in two cases, viz,^ on the 20th and on the 24th January. In the first case 
(Fig. 3 of Plate il) the experiment has been rejected but in the second case (Fig. i of Plate III) 
as the shift occurred only at the end of the experiment an attempt has been made to correct for 
it. In all other cases it has been assumed that where slip did occur, it occurred gradually and uni- 
formly and might be allowed for by distributing the amount noted uniformly according to the 
elapsed interval. 

It may be noted that the evidence at disposal shows that in these cases (i) a certain slip 
has actually occurred and (2) that this slip did not manifest itself by sudden breaks in the curve : 
there is no evidence that the slip occurred uniformly throughout the course of an experiment, 
but^the assumption that this was the case is not contrary to facts and seems the most reasonable 
one that can be made under the circumstances. 

Tables C 4, 6, 8, 9, were then corrected on this assumption and the new curves so obtained 
plotted alongside of the old ones. 

g. The next point for consideration is what portions of the experiments are to be selected 
as the most trustworthy for the purposes of finding the true mean values of the temperature 
correction ? 

As regards the reading of the thermometers, small errors in reading are of consequence only 
in the case of the Cent, thermometers embedded in the damping boxes of the two instruments, 
and as the changes of temperatiye of these thermometers were always negligible in the space 
of the few seconds occupied in taking the reading, the liability to errors in the recorded tem- 
peratures may be considered equal at all stages of the experiment. Consequently the '* Incre- 
ment in temperature after start '' as recorded in column 4 of form C i has a much greater pro- 
bable percentage of error at the commencement and end of each experiment than during the 
intermediate period. 

Errors in scaling off ordinates from the curve are greatest where the inclination of the curve 
to the base line is greatest, and consequently the first few measures are in each case more doubt- 
ful than the rest and the percentage of error in the figures in column 6 of form C i obviously 
decreases in proportion to the increase in the figures. * 

On both accounts it is plain that, apart from differences of temperature between the magnet 
and quartz fibre which were always greatest during the first part of each experiment, thitS and the 
last portion of each experiment have much less weight than that part in which the figures in 
columns 4 and 6 of form C are greatest, and the curves showing the values of the derived tem- 
perature co-efficient may therefore be expected to show marked irregularities at the beginning and 
end of each .experiment. 

What is desirable is to have a long period of uniformly high temperature during which the 
recorded temperatures of the thermometers within and without the H. F. instrument are in very 
close agreement. 

In practice such conditions could not be attained, for the constant stoking of the stoves 
necessary to maintain a high temperature produced cpn3iderable fluctuatipn3 in the recorded 

C 
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temperatures and until the fires were allowed to die down the temperature of the air was always 
in advance of that of the magnet. 

Moreover, the copper damping box in which the magnet and its thermometer are contained 
is close to the base of the instrument, which is rigidly attached to the supporting pillar by means 
of three stout brass footscrews leaded into recesses cut in the stone cap of the pillar. Consequently 
a considerable amount of heat must have been continuously conducted away and lost in the pillar 
which would be slow to attain the temperature of the air. 

In all the curves there is a well defined critical point at which the temperature of the air 
coincides with that of the magnet, and it is in the neighbourhood of this point that all the desir* 
able conditions are most nearly fulfilled. 

This point is indicated in the curves by a continuous ordinate, which gives the time of its 
occurrence on the time scale. 

That value of the temperature eo-eficient found from the observations taken nearest to 
ikis critic f I point seems therefore the best individual value of the series ^ but in order to get 
rid of the errors to which any smgle observation is liable, it has been considered advisable to 
derive the temperature co-efficient in each case from a series of 9 values situated symmetrically 
about this point. In the first four of these values the air temperature was above that of the 
magnet and in the last four these conditions were reversed, so that the errors arising from this 
cause should to a large extent cancel out in the mean. 

10. Working in this way certain mean values have been obtained in each case which are 
grouped together in the following table for convenience of reference :— 



igoa. 
Date. 


No. of 
Fibre. 


Na of Ma^ 
net. 


Mean values of 

temperature 

co-efficient. 


Pinal value 
of tempera- 
ture co-efli* 
cient. 


Rbmarks. 


1 
6th January • • • 

a4th February • 


2 
n 


1 


I2'6o 
1 2-67 


> 12-6 




15th January . » . 


12 


2 


11*90 


••• 




20th^anuary • . • 


•> 


»t 


n'69 


... 


• 


31st January , 


» 


M 


l2'6o 


12-6 


After repairing magnet, corrected 
for slip (107). 


23rd January . • 


6 


3 


1 2*07 


••• 


Corrected for slip (15 y). 


28th January . 


n 


» 


1217 


... 




6th February • • 


3 


»» 


I2'90 


••• 




loth February 
1 2th February 


4 


3 
ft 


12-49 
12-49 


1 "'5 


,. (19 y). 

M » (II y). 
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' There is very little doubt that the results for magnet i and fibre a may be confidently 
accepted. These are now in use in No. i Magnetograph at the Dehra Dun Observatory, where the 
results of the temperature reading^ during the first complete year of work show that the annual 
range in the underground room is not likely to exceed 6^ or 6*^5 Cent.* Thus the largest multi* 
plier that will be used in this case may be taken as 3*3, and as one cannot hope to read the 
curves with greater accuracy than 1 7, the error permissible in finding the temperature co-effi* 

cient is -^=0*3 y. The accordance of the two results makes it highly probable that in this case 

the temperature co*efBcient has been found with all desirable accuracy. 

Magnet 2 and fibre 12 have been in use in No. 2 Magnetogpraph since September 190a at 
Kodaikanal. It seems clear that the temperature co«efficient of the magnet itself altered consider- 
ably after it was repaired in January, and it is unfortunate that only one determination of the 
temperature co-efficient of the system was made after that date. At Kodaikanal the annual range 
of temperature in the underground room is not yet knowui but the data available indicate that 
it will be less than 2^ Cent« If this is the casCi the greatest multiplier will be i and the error 
permissible in the temperature co-efficient will be ly. So that although the single experiment 
made on the 31st January with the system as now in use at Kodaikanal is not perfectly satisfactory^ 
it seems likely that it is sufficiently good for the very favourable temperature conditions appertain* 
ing to the observatory where it is being used. 

With regard to the various experiments made with magnet 3 and fibres 3, 4 and 6, the a^ee* 
ment in the case of the two experiments with No. 6 fibre is good, and in the case of No. 4 
fibre it is remarkable. But three out of four of these experiments have been corrected for slip and 
it is hardly possible therefore to trust them implicitly. 

Moreover, it is disconcerting to find that the value of the temperature co-efficient when using 
the same magnet should vary from 12*1 to 12*9 when the quartz suspension is changed, for from 
the nature of a quartz fibre, one would expect different fibres to behave in a uniform manner under 
similar conditions of changing temperatures. 

Whilst therefore it is likely that the results in each case with No. 3 magnet are near the 
truth, the mere agreement of the results derived from pairs of experiments is not sufficient to 
Justify their acceptance as being exceedingly accurate. 

An inspection of the base line values of No, 9 Magnetograph (Table B 2) from the 22nd to 
•2 5th February inclusive, shows that magnet 3, with fibre 4, behaved fairly well when transferred 
to No. 2 Magnetograph during the last experiment with magnet No* !• 

However, Jn order to see whether fibre No. 4 was really in a stable condition and fit for u^ 
at the Barrackpore Observatoryi a further prolonged comparison was made throughout March. 
The result is exhibited in Table D 9 and is not entirely satisfactory, for although there is no 
evidence of a sudden slip having occurred and the discrepancies noted may very probably be 
largely due to the fact that No, 2 instrument was supported merely on trestles of wood, which 
proved by its behaviour to be only partially seasoned, still the fact remains that the results given 
by the two instruments were not in close accord throughout the period. 
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* Highest temperature —98*44 On smh September 190a. 
Lowest „ -82-00 on a8th March 1903. 
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, Id most fA the experiments a deflection reading was taken to determine the scale value 
when the temperature of the room was approximately 

, in scale value due to chwge iu temper- at iU maximum. The resulting values are tabulated 
below: — 
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13th January 


aoth Januar/ 


4r8a 


5 


31-41 




21- 


43-30 
4215 


31-65 


3l"3 
31-8 


-0-48 

-0-33 


—0-34 


• 


3:!i>d January 


3!)th January 


47'43 


5 


24-31 




ai° 


47"94 
4r«8 


34S4 
3443 


33-3 
33-8 


-0-51 

-0-35 


-0-33 




29th Jantfary 


1st February 


35"8 


3 


17-98 




21" 


35-13 


18-04 


35-7 


+O-05 


—006 




4th February 


7th February 


w's; 


4 


24-24 




31° 


47-88 


3447 


354 


-0-31 


— 0-33 




7th February 


18th February 


45-74 


8 


13-40 


8 


33" 


4639 
4637 


23-74 
23-74 


34-9 
36-6 


—0-65 
-053 


-o'3* 
-0-34 




3 1st February 


aSth F^ruary 


57-02 


8 


29-14 


8 


33° 


57-53 


39-46 


39-9 


-o-S" 


—0-32 






—0-41 


-0-34 


Means. 



Tne accordance of the signs in the last two columns renders it unlikely that the difference 
ID tlw deflection values obtained during the experiments is the result of chance. Also it will be 
noted that the deflection at lao cms, is approximately one-half of the deflection at 96 cms. 
and 'that the mean difference in the last column bears ap| ' ' ' 
otrived irom the column before it. 



s approximately the same proportion to that 



Thus there are«trong grounds for supposing that the deflections do actually increase with the 
temperature, that is to say, the scales value diminishes or the system becomes more sensitive. 

Any rise in temperature ought (i) to increase the stiffness of the fibre, [2} to decrease the 
moment of the suspended magnet and (3) to decrease the moment of the deflecting magnet. 
On all three counts one would expect to find the deflection decrease slightly for a rise in tem- 
perature, and the fact that this is not the case indicates that some important factor has been left 
out of consideration. 

The greatest difference in the deflections occurs during the first temperature experiment 
with magnet 3 and fibre 4 on the loth February. The scale values from the special deflections 
taken at a temperature of 34'''9 Cent, are 4-93 and 4-93 from the near and far distances respec- 
tively as compared with 5*01 and 5-02 from the mean values under ordinaiy conditions> so that 



'3 

th6 change in the ^ale value amounts to o*iy. This is sufficiently large to slightly alter the 
results of the temperature experiment, ad the range of ordinate amounts to almost 40 scale divi- 
sions and the resulting chanee in force would be therefore less by about 47 than that derived 
from the scale value adopted.* 

There are not sufficient data to justify any attempt at correcting the results for the change 
m the scale value, and the above figures are chiefly of interest as showing that there appears to 
have been some unknown factor at work tending to make the resulting values for the temperature 
co«efficient slightly higher than they should be. 

Statement of resulu accepted. 12. The following results derived from thes ex. 

penments have been accepted : — 

(a) The temperature co^efficient for the system, magnet 1 and fibre a . . . =i3*6y 

ib) o I* ft f» a „ 12 . • . =I3'6y 

(c) it »P w n 3 >» 4 • • • =i2*5t 

The experiments would lead one to accept these values as approximately correct and good 
enough for the desired standard of accuracy in reading the H. F. curves, but it must be said that 
they differ very widely from the results anticipated. 

In the Kew certificate accompanying No. i set of Watson's Magnetographs it is stated that 
the temperature co-efficient per degree Cent, was found to be approximately 5*87 (using ms^net 
No. I and an unknown fibre), whilst Eschenhagen gives for his somewhat similar instrument an 
approximate value of 7y per degree Cent.f 

* Suppose the temperature of the room to be 30° and that of the deflecting magnet 20^ (on the average) whilst a set 
of deflections was being taken. 

Then putting m - 1004*23 at o*» Cent. 

We obtain from the temperature corrections for the magnet used 

m ■■ 996*44 at ao"* Cent. 
m - 992*28 at yo"" Cent. 

Heoce since the Value of the scale cO*efiicient varies directly as m^ the error introduced by assuming the temperature 
of the deflecting magnet to be the tame as that of the room would in this case be roughly 0*4 per cent, only, whereas the 
average charge actuauy found exceeded one per cent. 

When the deflections at high temperatures were taken, the deflecting magnet was warmed up for some time by ez- 
nosing it to the sun before bringing it into the room and it is therefore most unlikdy that its temperature even at the 
ume a taking the first deflection, was ever as much as lo** from the truth. 

Consequently the change in the scale values noted at high temperatures cannot be ezplained by assuming a large 
error in the temperature of the deflecting magnet. 

+ Dr. Chree, F.R«S.} has offered the following explanation of the discrepanc)r here noted. 
^ ^ Let us call Co the torsion couple at temperature o** Cent, for unit angle of twist and suppose this to increase to C at 

^^^^^^^fing for the time being the magnet's own moment as unaffected by temperature, call A H the ooaple exerts on 
it when perpendiqilar to the magnetic meridian at a place where H is the horizontal force. 
Suppose fo t^* total twist of the fibre when the temperature is o"" Cent. 

and ti »• >» •> 
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Thea Co Jo - C« ^AHoti^i.^^^J^^^ 

(AC — C^ 

For a given value of t, ^—^ — '" B, a constant 

and so J— Jo ^ B H 

Thus the twisting accompanying a given change of temperature varies As the force at the place and since J —Jo means 

a riven change of ordinate, the tftct of a given change tf iemperatmre en the ordinate varies directly as H. 

At Dehia Dun, H^O'^QS C G. S. approximately, whilst, at Kew /T - 0*185 approximately, so that neglecting the tem* 

perature co efficient of the magnet, the temperature co-efficient of the system at Dehra Dun should be 335 x 5-8 - lo-Sy. 

If therefore the •flfeet of temperature on the momint of the magnet is small, the results at Dehra are not inoompatible 
with those obtained at Kew. 



Facts inferred from the experiments. '> ^Jie foUomng conclusions based on these ex- 

periments are worthy of consideration :— 

(i) It is the exception to find a quartz suspensi<yi as used in these instruments which does 
not exhibit signs of slip even after having been in use for a considerable number of days. 

(2) The increase in sensitiveness of each system for a rise in temperature is contrary to anti- 
cipation and cannot at present be explained. 

(3) The method of finding the scale values by deflections at a known distance with a magnet 
ot known moment is quite satisfactory. 

H. A. DENHOLM FRASRR, Captain. R.E. 
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B X. 

Abstract of absolute observations for H. F. and eomfutation of the value of the Base line of the H. F. 

Magnetograph No. i for the months 0/ January and February igo2. 

{Selected mean temperature = 21^0 cent. 
Temperature co^fncient for x^ cciit.= 12*5 y throughout. 

Magnet No. lA. Magnetometer No. i By T. Cooke & Sons. 

Maonit I, FiBRB 2. 
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taken with magf- 
net 1 A in Mag- 
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B l-^iPntd. 

Abstract of absolute observations for H. F. and computation of the value of the Base line of the 
H. F. Magnetograph No. / for the months of January and February tgo2. 

Magnetometer No. i By T. Cooke & Sons. 

MAiINBT 2, FiBRB 12. 
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Computati(^n of the value of the Base Line of the H. F, Magnetograph No. 2 for the months of January 

and February 1902. 

Maonkt 2. FiBRB za. Temperature Coefltfor i®C.=: 12*57 throughout. 




COS. 



(The base line is 
evaluated from 
the observations 
taken with Mag- 
net lA in Masf- 
netometer No. i 
by Cook & Sons. 
—The figures in 
columns 4, 5 and 
6 are therefore 
omitted being 
snven in Table 

Bi.) 



•33496 
•33514 



184 
207 



*^ Selected mean 
temperature 
= I3°-5C. 
Scale Coefft. 

-5-647. 

Mean value of 
Base line » 

ig7|i •33194. 















Magnbt 


I^ FiBRi 2 


• 












13 Jan. 1902 • 


3 49 J 


h 


••• 


••• 


••« 


56*2 1 207.9 1 14*7 1 ^0.3 


-3-8 


204.1 


1 *.5« 

/ 208^ 


•3S498 


*33392 


\ 


y% • 


3 i« 


..• 


••• 


M* 


57-0 


210.9 


14.7 


-0.3 


- 3-8 


207.1 






>-3329l. 


»> • 


346 


••• 


•.• 


... 


57-8 


213i> 


14.7 


—0.3 


-3-8 


aio.1 


•33499 


290 


X Selected mean 
































temperature 
































-15^-oC. 


14 n 


la 9 




••• 


••• 


«•• 


61 K> 


335-7 


14-3 


—0.7 


- 8.8 


216.9 


-> 214-9 
j 211*6 


•33519 


304 


Scale Coefft. 




























-3-70. 


» • 


13 35 


■•• 


••• 


•M 


59^ 
58.9 


321^6 


14-3 


-0.7 


- 8.8 


312.8 








» • 


1 3 


••• 


••« 


• •« 


217-9 


14.4 


-0.6 


- 7-5 


2I0v^ 


•33519 


307 


# 


» • 


1 20 


V 


t«« 


• •• 


• •• 


58.6 


216.8 


14-5 


-0.5 


-6.3 


210*5 


• ^i2*s 


-33517 


306 


« 


"8 „ 


13 38 


h 


••• 


.•• 


... 


54*9 


203.1 


13-9 


—1.1 


-13-8 


189-3 


f 188.8 


•33493 


304 




n • 


I 6 


••• 


••• 


... 


54-3 


200.5 


"4-0 


—1.0 


—12.5 


188.0 








n • 


1 33 


••• 


M* 


••• 


54-3 


200.9 


14.1 


-0^ 


—11.3 


189.6 


-33491 


302 




f» • 


3 30 


V 


••• 


.•• 


••• 


55«o 


203.5 


14-3 


-0.7 


- 8.8 


194.7 


I .»5.S 

I f 197-6 

1 I 199-9 

3 202*7 


•33493 


297 




» • 


354 


B \ 


••• 


• •• 


.•• 


^'i 


205.0 


14-3 


-0.7 


- 8.8 


196.2 








ft • 


3 19 


Xi 


••• 


••• 


••• 


S5-8 


206.5 


14.4 


-0.6 


- 7-5 


199-0 


•33493 


295 




» • 


. 3 43 


?r i 


.•• 


... 


... 


56-3 


208.3 


14.4 


-o< 


- 7*5 


200.8 


•33495 


395 




n • 


4 7 


X > 


••• 


• •• 


••• 


57-0 


210.9 


14-5 


-0.5 


- 6.3 


204.6 


-33494 


291 




19 » 


II 10 


V. 


••• 


... 


«• 


55-1 


203.9 


13-9 


— 1.| 


-13-8 


190*1 


I 189-9 

I } 189-7 

) i 193-3 

1 195-7 


•33486 


-33396 




» • 


11 34 


p I 


... 


••• 


• •• 


55*0 


203-5 


13-9 


— 1.| 


—13.8 


189.7 






Mean Base line 


J» • 


II 58 


}i^i 


•.. 


••« 


•M 


55-0 


203.5 


13-9 


— 1.| 


—13.8 


189.7 


-33487 


297 


value to 19-1-02 


»> • 


13 ^ 


D 1 


... 


••• 


... 


560 


207'2 


I4-0 


— 1K> 


.—13.5 


1947 


-33489 


297 


tncl.«. 33297. 


» • 


13 46 


x>> 


••. 


••• 


••• 


56-5 


209.1 


14-0 


—10 


—12.5 


196.6 


•33488 


X 




33 „ 


3 43 


?h 


... 


••• 


... 


57-9 


214-2 


14-9 


—0.1 


- 1-3 


212.9 


t 214-5 


-33500 




>» • 


3 10 


•«• 


••• 


••• 


58-4 


216.I 


15-0 


OK> 


00 


216.1 


n 








n • 


336 


••• 


••• 


... 


59-9 


221.6 


15-1 


4.0.1 


+ 1.3 


222*9 


f 219-5 


•33507 


287 




34 » 


12 1 


rK 


... 


• •. 


M« 


62.0 


339.4 


15-3 


+0.3 


+ 3«8 


233-3 


I 333-6 

338.1 


•33518 


384 




t* • 


u 35 


*>• 


• .« 


•W 


62'3 


230.1 


15-3 


♦ 0.3 


+ 3*8 


333-9 






Mean value of 


» • 


13 53 


XV 


•*. 


... 


• •« 


63.1 


233-5 


15-3 


+0.3 


4. 3-8 


337-3 


•33530 


284 


* Base line« 


» • 


1 14 


R> - 


••• 


••• 


••• 


63*4 


234-6 


15-4 


+0.4 


+ 5.0 


239-6 


•33535 


286 


-33383. 


• w • 


1 36 


V 


• .• 


••• 


••• 


62'6 


231 -6 


15-4 


+0.4 


+ 5-0 


236.6 


•33536 


288 




36 „ 


13 5 


01 


... 


••• 


... 


69-4 


256.8 


15-4 


+0.4 


4 5K) 


261.8 


}l364^ 

f 368.4 








n • 


13 31 


... 


••• 


••• 


70.8 


262.0 


15-4 


+0.4 


•*■ 50 


267-0 


-33541 


277 




» • 


13 55 


••• 


• •. 


... 


71.3 


263.4 


15-5 


+0.5 


4- 6^ 


269-7 


-33544 


276 


w 



D2 



B 2.—eonld. 

Computation of the value of the Base Line of Ike H. F. Magnetograph No. a for the months of January 
and February tgo3. 
Maohet I, FiBBB 2. Temperatare Coefit. for i" C.sia-sy throughout. 



RSMABES. 

(The bue line is 
evaluated from 
the obsenrations 
taken whh M a^- 

netometer No. i 



6 are therefore 
omitted beiag 

S'lveii in Table 
0- 



h 



Si 



339-) 



+ '-3 as7-7 
+ 38'8 M7-5 



)38« I -33530 

\ S36-4 j -assw 

J aj4-o I -SiS'S 

337-5 •iiSto 



, 3393 j -335*7 

1 aao^ -33495 

) i 2ig-t ! -33494 

/ t 315-4 j -33493 



J 338-7 I • 

I W7.8 ■. 



3S4 (Mean valne ol 
if Base litie~ 
b8i I 



'333S6. 

Mean value . of 
■ Base lioe - 
■i3»84. 















Maombt 


3, Fibre 4- 














» Feb. igoa . 


11 39 


1 


•~ 


™ 


" 


6M 


301-7 


180 


-0^ 


-SO 


396-7 


397< 


■3351 1 


.33313 


"t Selected mean 

SK""" 


n 


11 s 
1131 




... 


... 


"■ 


(16-7 
f6<, 


303-1 


i8-i 
1R.| 


-0.3 


-3-8 


391*4 


L 

nsotw 

5 3»-9 






(Scale Coefit. 
f -4-53. 














303-I 






- J.I 




-33510 


















301-7 












30' 






n 40 










70-3 


318-0 










I 3>57 




ant 
















70« 


3I7'> 














•J3307. 














































































308-5 








10*^ 














V f 

V i 














■to-i 






l 303-8 




















301 -3 




+ 0-3 


+ 3-1 
































} s; 






■.33901. 












M-7 




lS-7 


+ 0-3 








19' 
















303-1 




+ 0-3 


+ 3-a 


30(h9 




■33510 







Reduction oj temperature coefficients of H, F. Magnetographs {Watson's) 
First experiment with Magnet i and Fibre a. 





H.C»et., 


Fibre a. Int i. 


bUcMta. 


Fibre la. Imta. 




" 


» 


3 


4 


5 





7 


1_\A_ 


.0 


» 


,a 


>3 


■4 


IS 


■6 


Rbharki. 








-g 




|~ 


"T 


s 








1 


|~ 


II 


II 


If 










1 




'% 


■M 

II 

(5° 


1 






1 


-.1 
il 


l.s'j 


y-:ooooi. C.G.S 








I 




,s 


Id 










=ls 


^f 


8- 


"srirsT; 


Date. 


Time. 


1^ 

1^ 


1 


1^ 
Jl 


'1 

J 


1 


.S 


i 


III 


l'"f 


4- 


Sc nhM ut No. 1 
■■rt. - 4-377. 

Sc. nine of No. 3 
iMt-S-O Y- 




Cent. 


Celt. 


Sc. 
dnns. 


Sc. 


T 


Cent 


CMk 


T 


.Sc- 


Sc 
dhu. 


T 


t 


t 


T 




fth J.Q. igM. 


h-m. 
7 M 


^ 


ooo 


73-1 


~ 


~ 


~ 






JS-S 


~ 


CO 


00 


OK. 




Slom* lighlM) at 




745 


aa-4. 


■fo-jo 


71-6 


-0-5 




Ij-oo' -00 


aoo 


58-9 


■ho-4 


+ 3-3 


+3.3 






7-30. 




8 


ai-jo 


MS 


700 


3-1 


iS-a 


la-gg - «i 




S9-I 


*o€ 


-H-4 


+ 3-3 


'6-S 








15 


J3-7S 


a«o 


64-/ 


8-4 


35-9 


■98 --oa 




59-4 


+ 0<| 


-l-S-1 


♦ 4-9 


40^8 


-lS-7 






3o 


as-si 


yfA 


61.7 


I»4 


44'4 


ta-96 _ .04 


-O.J 


59-7 


■f 1-3 


4-6-8 


+ 6-3 


^ 


13-9 






43 


»4-S6 




eo« 


ia.3 


Sa'S 


■Be|-^w^ 


-o-S 


5*7 


t 1-3 


■^6-8 


+ 6-3 


13-3 






9 o 


34-00 


4-7S 


6CK) 


I3-I 


5S'9 


•96-(«.4 


-o-S 


S9-8 


4- 1-3 


+ 7-3 


4-6.8 




13-3 






>S 


as-ao 


5-05 


sfl^ 


'4-4 


61s 


•96-«iJ 


—O-S 


5M 




+S* 


+ 5-1 


664 


13-3 






30 


36«0 


^ 


S6-. 


IJ-I 


73KJ 


ia-96 -004 -o-s 


S»4 


+ (*9 


4-5-1 


+ 4-6 


77-6 


«3-3 






4S 


ae*) 


S3-6 


I9-S 


83.3 


•971 —003 


—0-4 


59-3 


■fo-7 


+3-9 


+3^S 


864 


13-1 








arm 


6^5 


S»7 


ao.4 


87- 


la-Oa-o-M 




59* 


+ 0-5 


■ha-s 




89-7 


ia-9 






IS 


a;. IS 


1-M 


S»-3 


ao.8 


8B.8 


■98'-o^« 




59* 


-fo-S 


4-3-8 


+ 3-6 


9<-4 


13-1 








»'*■ 


7-4S 


Jl-O 




94-4 


"■Q8-o«a 




590 


■fo-S 


4-3-8 


4-3-6 


97-0 


I3-0 






4i 


36-00 


7-85 


So-o 




g&a 


■99-001 




S9<1 


-1-0-5 


4-9-S 


+ 3-7 


lor3 


ia-9 








aS^ 


S-iJ 


49-a 


33-9 




■3-00 o», 




59* 


4-0.5 


-3-8 


l-a-S 


104-9 


13-9 






IS 


2-'° 


8-55 


48-3 


34-8 


los^) 


■00 0*0 




59-1 


4-o« 


+ 3-4 


+ 3-4 


109.3 


la-S 






v> 


!*9S 


iso 


4fro 


aS-i 




■3-00' 000 


txi 


IS 


4-0.9 


■KS-i 


+ 5-1 


112.3 


13-8 






45 


»e-9s 


S-So 


a 


a4-4 


1041 


■04'+o«4 


■fo-s 


+ 1-3 


4-7-3 


4-7.8 




13-7 








a(Ms 


8*. 


14-3 


103-8 


U'oSj -fchoj 




60-0 


■♦■ i-5 


+ 8-S 


+ 9-5 


113-3 


12-7 






'5 


as-ao 


iWS 


48-S 


a4a 


lOJ-O 






eiH3 


4- 1-5 


+ 8-5 


+ 9-7 


1.47 


ia.7 






3o 


29-;5 


9-Jo 


48-0 


aj.. 


107.2 


Ij-'ial XV°i 


* 1-4 


iw 


-t-W 


+ 7-9 


+9-3 


116-5 


137 






4S 


a»«o 


9-45 


47 -o 


36-1 


■ 11-4 


.16 +0-16 


4- 1-9 


59-5 


+ 1-0 


+ 5-6 


+ 7-! 


iiS-9 


la-6 


Vlt»v—ir6ay. 




13 » 


»9-55 


9^ 


4fr4 


"^ 


1 14.0 


i3ao -t-o-lo 


+ J-4 


§;; 


+ 0.5 


+ 3-8 


+ 5-3 


iig.3 


13-7 


Both dom slightly 




IS 


a9-3o 


9-15 


4M 


16.3 


tia.3 


■JS| -t-O-iS + 3-0 






+ 3-0 


115-3 


I34i 


■ 1 foot at f-47- 




30 


88-99 


8.84 


47-0 


afri 






SS-o 


— 0-5 


-3-8 


+ o« 




\u 




4S 


i^to 


8-15 


48-1 


aj-o 


!^ 


-31 +0.31 ■^3■7 


57-8 


-0-7 


-3-0 




liie 




■4 o 


aS.30 


8..S 


490 


84-1 


ioa-9 


•31 +0.31 -f 3-; 


S7'3 




-6-8 


-3-1 


99* 




iDridedooropeori 




•5 


a7So 


7-35 


SDO 


as-i 


»M 


i3-3a TO-ja + 3-8 


SJ-o 


-1-5 


-8-5 


—^.j 


gl 


12-8 


wide at 3-3. 




3o 


a7'io 


fi^ 


51. a 


ai-S 


ti 


13^? +oi. + 4-8 


5M 


— m 


-10-7 


-5-9 


13-6 


Ramondfira. 




45 


»e-4s 




Sl-9 


»o-j 


■43 +0-43 * S-a 


5*1 


-a.4 


-13s 


-8-3 


780 


13-4 






15 


as-so 


S-3S 


S3-3 


■ 7-8 


76-0 


■47 ''■0-47 + M 


Sfro 


— j-j 


-14-1 


-8-3 


67-5 


12-6 






15 


14-60 


♦1^ 


57-9 


iS-a 


64-9 


13^51 -fo-Sl +6.1 


5S-9 


-j-6 


-147 


-S« 


56-3 


13-7 






30 


a3-95 


i-So 


6o« 


13-1 


55-9 


IS-60 -H)*) * 7-3 


36-1 


-3-4 


-13-S 


-6-3 


49« 


I3-I 






4S 


ia-4S 




61-S 


"■3 


4*3 


-6s:+o«j4T8 


S6.1 


-j^ 


-13-5 


—5-7 


43* 


11-9 






le » 


jj-iS 


3^» 


63« 


lo-i 


43-1 


l3-7oi-io.70^ + 8^ 


56-4 


— J.I 


-il« 


-3-4 


307 


i3-a 






IS 


ai-Eo 


»*S 


fi4-4 


8-7 


37-1 


-74+o-7?+8-9 


S6-5 




-..-3 


-2-4 


34-7 


■J-l 






JO 


3I-6o 


3-45 


6S-J 


7-8 


33-3 


■77, ■•■0'77 + 9-a 


56-8 


-1-7 


-94 




33-9 


13-4 






40 












13-80 






56« 


-1-7 


-9* 











HeducHoH of temperature coefficitnts of H. F. Magneto^raphs ( Watacft's) 
First txperiment with Magnet 2 and Fibre la. 





M*s>et3. 


Fibca 


t. Idatl. 


M^Cnett. FIbn 


1. lott a. 






■ 


» 


3 


4 


S 


6 


7 


8 


9 


Jl 


■■ 


13 


13 


» 


"5 


16 


Rem AUK t. 








t 




r 


H 
il 




~U 






1 


Ii 


II 

ll 




V 

i 


T--O0OOI C.C. 
S. Unit*. 
Sc, value of No. 


Dale. 


rime 


H 


1 
J 


& 
t 

'■5 

6 


.s 


H 




1 





si 


-I 


t 


i 

I4l 


3liist.-3-7oT. 
lemperiture co- 
efficient of Mae- 
net 1 and fil^e 
3 ID No. 3 Insu i. 
ttken f-om «- 
per«n,nt 
































6th January igoi. 






C«at. 


Cent 


Sc 


-s. 


T 


Cent. 


Cot 


7 


Sc 
diviv. 


Sc 
divm. 


7 


T 


T 


r 


««,.=C— ,377 


ijth >n. i»<M 


b. m 
730 


30-5C 




5*3 




Ml 


u-ae 


(MO 




6*5 




CH 


tfO 


« 


oo 


Stove, lighted at 




4S 


3074 


■m-a. 


5&7 


— 0. 


-3- 


■3 


— 003 




63.3 




OH 


-0-4 


-3.9 




7-33. 




8 


33-*^ 


■■94 


54-J 


5- 


374 


143c 


-<H)6 


-0. 


Ci-S 






-0* 


37-0 


13^ 






15 


34-8* 


4-30 


48-0 


lo 


5« 


-38 


-0.08 




63-1 


—0. 


_,.. 


-3-5 




I3« 






30 


aToa 


6.50 


43-9 


IW 


84. 


u-x 






fi3« 




-!.« 


-3-a 




■ 3-4 






45 


37.1t, 


7-ao 


43.I 


17- 


91f 


tt 


-008 




6i< 


-0. 


-3'3 


-4-3 




13.4 






« 


3*30 


7.70 


40* 


.8- 




14* 


-ooe 


-o- 


61-1 




-5-3 


-fro 


950 


13-3 






15 


aS-io 


7*0 


4»« 


18. 




-3 




-o- 


6CH> 


—a. 


-*3 


-g.S 


93-3 








30 


V-* 


7-46 


40-3 


I9k: 




M'X 


-00; 




5?' 


~y* 


— 13« 




907 


■3-3 






45 


a&M 


7-70 


Jfl-o 


30. 


iio4 


-34 


— 003 




58-3 




-15-9 


-16-3 


9*-6 


13J 








a(K> 


8-55 


36-9 




133-4 


14-1 






57.7 


-4-E 


-17-8 


— '7-9 


loyo 


I3-J 






■5 


»>.j 


8-75 


36.3 


33. 


.36- 


.3 


+ 0<)I 




57-7 


-4-t 


-.7-8 


-■7-7 


108-4 


13'4 






30 


wfl 


035 


3S-J 


14-c 


131* 


'4-3S 




+0. 


5S-' 




-16.3 


-16-0 


iiro 


ia-3 






45 


30.1 


(rts 


350 


34' 


13* 


-38 




+ 0. 


58-4 




-15-3 


-"4-9 


1I7-8 










30-1 


B-fio 


15-8 




138. 


14-38 


+ 001. 


+ 0- 


59-1 


-3. 


-134 


-13.3 










"5 


ao-4 


M5 


35-1 


H-i 




-38 


t <M)3 


TO- 


59-7 


-a-j 


-lO^ 


-10-1 




13-3 






30 


31.1c 


IO«0 


33-8 


33- 


139- 


■4-3e 


+ (MI3 




&«. 




-9-: 


-9K> 


I3tf3 


I3|3 






45 


31-3 


IO-7S 


3*6 


35. 


140- 


•K 


+ «I3 


+OM 


598 


-31 




-9*i 


130-7 




Deflection, taken. 






31-3 


lO-So 


33-4 


3J-« 


■ 4i. 


I4-40 


+ 0.04, 


+ 0- 


59-5 


-3^ 




-lOjJ 


I30-8 




T 




"5 


30^ 


iohS 


34-3 


3J.C 


>36i 


■45 


+ 0K1J 


+ 1. 


59-5 


-3-" 




— lOO 


136-3 




|Maan-ii-go y. 




30 


*>4a 


M5 


35-9 


33M 


i37.a 


14-50 


+ 0-14, 


+ I.S 


59-9 




-»< 


-7-1 




13-1 


Both doora .lightly 




45 


3o«o 


frSO 


38.7 


33' 


133^ 


■5 


+ 0.16 


+ 3-C 


S9M 


-3. 


-11-5 




ii 




opened. ^ ' 




13 


as'se 


SH^S 


37-7 


aU 


"7« 


"4-S3 


+ 0-17 


+ 3. 


59-3 


— 3- 


-n-i 






J-Inner door opened 




>5 


ao*^ 


8-S4 


3»-: 




I09-: 


-5 


+ 0.19, 


+ 1.4 


59.7 


_3-( 


— 10.. 






11-8 


1 „*ide. ^ 




30 


38-10 


7. JO 




18.3 




14-jS 




+ 3.9 


59.3 


-3- 


-11-8 


-9-0 


90'4 


117 


1 Outer door opened 




45 




6.71 


43-1 


164 


88.; 


<o 


+ 034 


+3« 


S9« 


-3- 


-13-0 




78-S 


«'7 


wide. "^ 




■4 


a&So 


e«a 


44-8 


14-5 


79.3 


>4<3 


+ 0-37 


+ 3.4 


S9HJ 


-3-i 




-9* 


69.6 


ii-e 






15 


S6-O0 


5-50 


45-3 


"3-J 


73.7 


«B 


+ 0.33 


+ 4- 


58-4 


-4- 


-15.3 




63-6 


11-4 


Removed fires. 




|0 


35-78 


S.aS 


46-1 


13-3 


73.1 


14.7a 


+ 0.36 


+ 4-6 


SS.3 


-4'3 


-15-9 


-II-3 


60-8 


"»'5 






45 


35-15 


4-65 


4S« 


11-3 


e,-7 


-7« 


+ 0-40 


+ 5- 


58-6 


-3-9 


-14.4 


-9.3 


53-4 


ir3 






•5 


34-iO 


4130 


4*9 


9-4 


Si'i 


14.S0 


+ 0-44 


+5« 


S9-0 


-3-S 


-130 


-7-4 


43'9 








IS 




3-50 


51-3 


8-1 


44-3 


« 


+ 0-50 


+6.4 


59-3 


-3-3 


-11.8 


-5-4 


38-8 








30 


f^ 


3-10 


Sa-o 


7-3 


39'9 


H-93 


+ 0.56 


+ 7.1 


59-5 


-3-0 






3S-9 


ii« 






45 


33.30 


3«0 


5*9 


fr4 


34-9 


-)6 


*o*o 


+ 7< 


59-4 


-3- 


-11-5 


-3-9 


3ro 








iS i, 


3i-oa 


3-JO 


WS 


5-8 


317 


15K)0 


+ o«4 


4-8.1 


J9-S 


-3-0 




— 3« 


38-7 


ii-S 





C3- 

Reduction of temperature coefficient of H. F. Magnetografhs {WatsoiCs\ 
Second experiment with Magnet a and Fibre la. 





Magnet a 


FlBRB 


IJ. IKST.I, 


MaOHIT I. FlBlt 3. IKST. a. 




' 


— 


S 


4 


5 


6 


7 


8 


9 


■° 


J^ 


-L 


13 


14 


15 


16 


Remarks. 








§ 




r 

.S 

ii 


ll 




£ 


1 




6 


-2 




■Hf 


if 


7 —00001 C.G.S. 

Uoiu. 
Sc nlue oT No. i 


Date. 


Tim*. 


H 


II 


J 




H 


I 


s 


j 




■S.S 


llf 




lDat.-s.467. 
St value of No. 3 

[a>t-3.7o-r. 
T™p. eo.Ht. (or 

No. 3 li.». uk« 

"1377- 






Ce.t 


C«nt. 


Sc. 
dirm 


Sc. 
dhnn. 




Ceot 


Cent 


7 


Sc 
■Knit. 


Sc. 
dhmt 


7 


t 


y 


y 




3oJ«n. iQta . 


h.iii. 
7-30 


2a«3 




56.1 


IM 


o« 


13-99 


o-oo 


oo 


61-6 


oo 




00 


<M> 




Fi«s lifted .t 

7-30. 




45 






55-1 




-s-s 


■99 


CKIO 




01 -9 


+ O.J 


-H-l 


+1-1 


-&6 


M-o 






8^ 


'iV 


3-3J 


48.1 


7-9 


43'' 


"3 


O40 


o<i 


<la« 


+ 0-4 


■H-5 


+ 1-5 


44-6 


■ 3-4 






IS 


j«*i 


6-17 


41* 


14-1 








63.0 


+0-4 


■H-5 


4-1-4 


7»-4 


13-7 






30 


i8-i6 


7-53 


38< 


17.8 


93-9 


13-97 




-0-3 


63-0 


+ 0-4 


■H-5 


+ i-a 


95-1 


l« 






4S 


aS-ja 


7-6S 


3<K. 


17.1 


93-4 


■97 


-cxa 


-0-3 


6a.o 


-hO.4 


■H'5 




94-6 


l»4 






9v 


38«0 


7-37 


39-» 


16S 


933 


13-97 




—0-3 


61.9 


*a-t 




■^»« 


93'i 


la-S 






'S 


.8-43 


,-80 


37-7 


iS. 


loo-s 


■98 






ei-a 


^ 


-1-5 


-i« 


98-9 


137 






30 


iB^ 


8-35 


36-5 


19.6 


107-0 


14-00 






flio 






104-9 


ix-t 






45 


»g-03 


8.40 


36-3 


.9-8 


108.1 


•00 




*0-l 


60.3 


~\A 


-S-a 


-S-i 


lOJO 


13-3 






lO-D 


jg*. 


i-^ 




ail 




I4-00 


■•■001 




S9« 






-7-3 


113-9 


13.7 






15 


3p-4a 


9-79 


31-6 


a4-5 


131-8 


■00 


■tool 


+ 0-1 


58< 


-aS 


— 1»4 


-10.3 


133-5 


13-6 






y 


30-7* 


loog 




a5-3 


1381 




♦ 001 


+ 0-1 


S8.0 


-3-6 


-13-3 


-13.3 


\a*9 


13-4 






45 


So-45 


9.SJ 


31-1 


3S-0 


136-i 


■00 


-t-ooi 




57-1 


-4-5 


-16.7 


~\M 


119-9 


ia.a 






II-O 


30-S8 


iM(5 


3<X 


'5-5 


139(1 


14-00 






s&r 


~4-9 


-I8-J 


-tS-o 








- 


■5 


30-78 


IO.IS 


3tH0 


*e-i 


143-5 




■fooa 


+0.3 


56-3 


-5-S 


-,9f> 


-iM 


las-i 


13-1 


No furi added after 




3o 


3 1 -11 


10-S9 


!!■» 


wa 


14B-S 


.4-0J 


4'0<H 


+ 0-S 


56-3 


-5-J 


-19« 


-19-1 


I3>4 


la-a 


Ueflatiow taken. 




45 


31*5 




^-3 


87-8 


151-8 


ti6 


-to-07 


*o^ 


se-i 


-5-5 


— aoM 


-I9-S 


133-3 




M«a» -.1-89 7 




l>0 


31-93 


ii-3a 


18-0 


sS-i 


153-4 


14-10 




:;i 


Sfro 


-5-6 


-30.7 


-19-3 


134-1 


n-8 


- ; 


>5 

30 


3H>4 
3.-60 


ii-31 
1*97 


iS-o 
19.I 


18-I 

37-C 


153^ 
147-4 


::i 


■I-0-17 


IS 


-S-7 


-30.7 


—19-3 
-18-5 


134*1 

las^) 


;:i 


openedi 
In«r door o,f«d 


» 


4S 


JI-60 


lofl? 


30.7 


35-4 


138-7 


14-w 




■»a-7 


sfrs 


-5-3 


-19* 


-I6il 


131-8 


■>•' 




IJ-O 


30-37 


9-?4 


W-4 


837 


latM 


I4-»J 


■f043 


■H-9 


S6-S 


-SJ 


-i»6 


-16.7 


113.7 


ti-6 


(fctei door opened 




'S 


X? 


8-57 


34-9 


li.j 


MS-8 


•a6 


*on 


+ 3-4 


56-0 


-5-6 


-30.7 


-17-3 


98.5 


11-5 


wide. 




30 


7-45 


37-6 


iS-s 




14-30 


+ 0-31 


4- 3-9 


56-1 


-J-S 




-16-5 


84-5 








45 




6.57 


afr7 


16.4 


89-1 




-t-o-35 


+4-4 


S6-. 


-S-S 


-Jo-4 


-160 


73'5 








I4-0 


36-S5 


S-93 


41.1 


ISO 


81.9 


14-38 


+ 0-39 


+ 5-0 


s6-7 


:S 


-18-1 


-13-1 


634 


■ ■■6 


Firei remorad. 




15 


»to 


5-57 


4IJ 


■♦a 


77-5 


■39 




■*5-i 


56* 


-30-7 


-lS-6 


ei-9 








30 


35-41 


4-8a 




ia-3 


67-3 


14-40 


■«-o^i 


+i-» 


S6* 


-S-6 


-ao7 


-15-5 


51-7 


107 






45 


»4-7a 


4-09 




io-s 


57-3 


-45 




■*5-8 


56* 


-5-6 


-30-7 


-14-9 


43-4 


10^ 






15^ 


»4I5 


3-S» 




9-I 


49-7 


14-50 


■fo-Si 


+6.5 


56* 


-5* 


-.8-5 




37-7 


10-7 






■5 


«-7o 


3-07 




7-8 


43* 


■54 


+ 0-55 


-^7■o 


56-7 


-« 


-18-1 




11-5 


10-3 






30 


JJ.40 


1-77 


«-3 


fi.8 


37-1 


M-57 


+ 0-58 


+ 7-4 


S7-0 


-4.(5 


-17-0 


-9-6 


37-5 


9-9 






45 


M-'3 


2-SO 


50-J 


S'9 


33-3 


-61 


+ 0*1 


+ 7-9 




-4-4 


-.0.3 


-8-4 


33-3 


9-S 






16-0 


3i-W 


a-30 


5M 


5i> 


=7-3 


14« 


■fo<7 




577 


-J-9 


-14-4 


-5-9 


ai-4 


9-3 





C4. 

Reduction of temperature coefficient of H. F. Magnetograpki ( Watson's) 
Pint experiment with Magnet 3 and Fibre 6, 





HAomr 3. 


FiMI e. Ih«T. I. 


Maqkct 1. 


FtBii 1. iHsr. a. 




, 


3 


4 


5 





7 


8 


9 


.0 


_;■_ 


" 


'5 


H 


»S 


iS 


RCHABKS. 


D»te. 


Tme. 


H 


Jl 


1 
1 


T 
1 

si 


.=1 


(2 


-1 

J 


£ 


j 


■S'S) 


~.s 
3" 


Q 


U 

i 


iT 

1 


T --0000 1 C. 

Unit!. 
Sc. v^oe of No. I 

lnsL-4-83 y. 

Sc nlue of No. 3 

lDrt.-37or. , 




























H 


-lJ-»Tr. 






Cent 


Cent. 


Sc 

dlvDl. 


Sc 

divas. 




Cent. 


Cent 


y 


Sc 

diVDI. 


Sc. 
divnt. 


y 


T 


T 


r 






bJD. 
































7sUm.iV . 


7-ao 










... 


«*9o 






61-S 














z 


£ 


3»8a 


+ 0-3B 


'ki 


_S 


OM 

-3-9 


■90 

14-90 


&00 


00 


£J 


<H1 

+ 0.3 


<W1 

+t.i 


+b 


"s 


I3-9 


Fi™aiUrt«]7.47, 






**■" 


3-3" 


54-0 


-10-, 


So-1 


•90 






ei« 


+ !>■: 


-t-o.* 


+ 0.4 


SS:S 






3a 


afl«3 


6*3 


48.9 


— 16-3 


78.. 


«4V 


000 


0^ 


61-8 




«-i>-4 


^■0 






4S 


ag-io 


8-jo 


43-7 


ai-7 


104-6 


■90 






61.5 








iS 






9^ 


30-17 


9-17 


40-3 


34-1 


I)fi.3 


14*) 






61.0 




— 3-< 


-ti 








IS 


30-jS 


m 


39-1 


35-3 


131., 


■«> 


-4-OOI 




60.. 


-i-i 


—5-9 


-U 


wi 






3o 


W« 


9« 


37-9 


36-5 




»4i»3 


+ 003 


+0.; 


59-3 


— 3'S 


—9-3 


118-7 






45 


3"«i 


lo-aj 


36-S 


37-9 


J34-S 


■93 


■>o^3 




S8« 


—3-5 




-I3« 


1314 


i;i 






tav 


JI-IO 


10-30 


35-9 


38-5 




'*HM 


+ 0-04 


+0.; 


S7-4 




—IS-! 


—'5-4 






"5 


31-00 




35-7 


»8.? 




■95 


4.0.0s 


*o6 


56-7 


— 5-< 


-,8-] 




I3»4 
I40.» 








So 


31 -38 


ii>-S8 


34-« 


39fl 


i43-( 


M-95 


+ 0^5 


+ 0* 


Sfi-o 


—3-7 












41 


31-55 


10.78 


3J-e 


31-6 




■96 


+ o*«i 


+0-8 


SS-4 


— fl-3 


—33.- 








- 




33-60 


ii-Ho 


3o« 


U-8 


i6ai 


I4^97 


+ 0.07 


*o^ 


55-3 


-6^ 


-ii 


^3^^ 


■■■J 


NoI.d«MM.a„ 


'. 


■S 

30 


£S 


•^t 


19-4 
38-4 


g 


;^ 


M-91 


+(K>6 
■t-0*6 


■KhS 


SS-o 

5S-0 


-f7 
-6.7 


-34-8 


-34-< 


144-7 


il>8 

if<8 


I><£ll<»>t>la. 




4J 


33-40 


ia-6o 


390 


35-4 




-flf 


-t-ooi 


+ 1-0 


55-0 


-6.7 


-14« 


— )3<i 


!tl« 






' • 


la-o 


3»1»o 


13-10 


30-8 


33-6 


163< 


i5-» 


■ro-lo 


4-1-3 


SS-o 


-4.7 


-34-8 


-33-5 


.3S-S 


■ 1.4 


Both doon opMoJ 


J 


IS 


31-39 
30-10 


IO-S9 

g-JO 


13-g 

3J-6 
39* 


31-5 

38-8 
3S-4 


.5.-! 

1184 

133-4 


■05 

■07 


+ 0.13 

+ 0-15 
+0.17 


■n-S 

4-1-9 


SS-o 

SS-n 
SS-t 


-87 
-6.7 


-34-8 

-34-8 
—34-4 


-33-3 

-33-1 


■38.5 

115-9 


■1-3 


iljhll,. ^™° 


' - 


»3^ 
>S 


SIS 


8-30 

7-40 


4>'7 
44-0 


3I-i 


r 


iS-to 


40.30 

+0-33 


■*-3-i 


SS-3 
SS-O 


— «■; 
-6.7 


-34-1 

-34-8 


-31-i 
—31-9 




10.7 
10.3 


Fires removal. 




30 


37-30 


frso 


46.1 


IS-I 


B7.J 


15- li 


+ 0.36 


4-3.J 


5S-0 


-6-7 


-34-8 








45 


J6.36. 


5-56 


48-0 


iJ-5 


74-7 




+ 0.30 


■^3■i 


SS-i 


-6-7 


— 34.B 




« 


'S 

S-9 






I4-0 


as-fc 


4-80 


io-i 


■■*i 


es-o 


15-34 


■H>34 


■*-4'3 


54-8 


-6-9 


-35.3 








tfi 


JS;~ 


*2! 


Si-8 


ia« 


60.7 


16 


*o-3e 


+ 4-6 


54-1 


-7* 


-33.1 


-33.; 






30 


a4-«o 


3*> 


^''l 


"t 


56-4 


»5-« 


♦ 0-39 


*S'^ 


54-1 


—7-6 


-38.1 






84 






49 


a4-M 


3-40 


53-8 


10* 


5'-i 




■to-43 


+ S-5 


54-3 


— 7J 


-37-8 


"^^3 


^'1 


8-5 






iS-o 




3-'3 


2^"° 


f* 


45-3 


I5-3( 


+ 0-46 


■ts-* 


S4« 


-6.9 


-355 


—19.7 


35-6 


8-3 






'5 




i-So 


56-3 


8-1 




-39 


■t-o-49 


+ 61 


S5-0 


-67 


-34.S 


-18< 


304 


6i) 


Sh«p riK of 07 
dira. at 3 p. K. in 




^ 




57-0 


r* 


35-7 


IS-4> 


-K>-5I 


♦ 6-5 


SS-4 


-6-3 


-33-3 


-■fr« 


18-9 


6-3 




,« 


JJ-4J 


IK 


SjS 


3I-3 


■45 


-fo-Si 


+7-0 


SS-9 


-S-S 


-31.; 


— "4-5 


I6l 


6.4 


t»«,aa»-,tall 






>3-30| 


a-SB 




39-4 


IJ50 


+**> 


+ 7-6 


S6-0 


-S-7 




-I3'5 


1S.9 


6-4 




25 



C 4<i. 
Table showing results of Temperature Experiment No. / with Magnet 3 and Fibre 6 corrected for slip. 
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Columns l, 2, 3 and 4 are copied from 
columns 1, 2, 4 and 15 of the Temperature 
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C5 

Reduction of temperature coe$dent of H. F. Magnetograpk ( Watson's) Second Experiment vith 
Magnet 3 and Fibre 6. 
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11.3 


Both doora aptatd 




■5 


31-63 


11-99 


38.1 


'X. 


>55-4 


-40 




—0.3 


S9* 






— 0-3 


ISS'I 


13-0 


>ide. 




30 


3»*( 


13-04 


36-0 


169-; 


16.40 




-0.3 


S9-0 


-0.8 


— 3-0 


- 3-3 


i6s^; 


13-7 










.3-76 


34-7 


2J.3 


■77-S 


.41 






590 


-0.8 


- 3-0 


- y 


'74-4 


12.7 








33-40 


i4-?6 


31-5 




I91-I 


iS-43 




+ 0-1 


5»-7 




- 4-1 


— 4<i 


187.1 


J 3-7 






IS 


347S 


15-1. 


31-8 


30.2 


196-3 






+0.3 


Sd-o 


-1.8 


- 6-7 


-6^ 


189-9 


11* 






30 


34-80 


13.16 


31-' 


30-9 


200.9 


16^3 


*otH 


■»-o-4 


57-2 


-a-6 


- 96 


- 0-2 


1917 


11* 






45 


35-70 


ifro6 


a9-» 


J3* 


2131 


-47 




-•-o^ 


sfrg 


-3-9 






3031 










3S-4D 


...76 


a»8 


11.2 


109-3 


.6m8 


t^ 


+ «i-8 


Sfro 


-3-8 




:i 


iBfro 








19 


34-70 


154* 


311 


30^ 


WKW) 


-49 


•■0H>7 


*(^g 


S5-3 


-4-5 


-16.7 


I8S-I 


12-3 






30 


34-70 


.3-06 


31.0 


3I« 


aoi-5 


16.30 


+»dS 




55-2 


-4-6 


— 17'0 


-16-3 


t8s-5 


13.J 






45 


34-41 


14-78 


31 -s 


30-S 


igii.s 


■Si 




+ 1.3 


S5-0 


-4-8 


-17-8 


-16. J 


tSi-8 


11.3 






la-oa 


33-80 


14-ie 


33-0 


!»<. 


i8a.5 


16-54 




tl-5 


SS-4 


—4-4 


-16-3 


-14-8 


1737 








'5 


3I-J8 


■ 2<4 


36^ 


36.0 


i69i 


■57 




+ '■9 


SS-o 


-4-8 


-17-a 


-15-9 


"53-1 








30 


3o«a 




38-7 


23-3 


iji.j 


16-eo 


+ 0.18 


+ 2.3 


54'i 


-3-7 




-1S.8 


132-7 


ll« 






45 


M-7a 


looS 


41 « 




136-S 


-fil 




+ 1.4 


54-6 


-J.* 


— 19-a 


-16.8 


■ji:; 


11.9 






13-0 


i8.» 


8«2 


44-7 


'7-3 


nl-S 


ifrCi 


H0.20 


+ 1.J 


55-3 


-4-5 


-.67 




t'-t 






■ 5 


37-08 


7-44 




"4-9 


96-9 


-63 






36-0 


-3-8 


— I4-I 


— n^ 


85-s 


lt.5 






30 


»6..a 


6.48 


48^5 


13s 


97I 


16*4 




*aS 


55-2 


-4-6 


-17-0 


-14.2 


73< 


l'-4 






45 


25-46 


S-8J 


49-8 




79-3 


•67 


+ o.»5 




SS-i 




-17-4 




65-t 








14-0 


«>4 


5-50 


50^ 




72.3 


16.70 


+ 0.2S 


■*-3« 


S5-4 


-4-4 


-16.3 




59-5 


108 






'5 


24-71 


5-08 


SI -7 


10.3 


67-0 


-73 


+ 0.31 


+ 3-9 


55S 




-'5-9 




SS-o 


ioJ« 










4-78 


Si-9 




657 


16-76 


-t-o-34 


+ 4-3 




-4-7 


-17-4 


-I3-I 


SI* 








45 


J4-I8 


4S4 


52-4 


94S 


61.4 


-79 


+ 0.37 


+ 4-7 


35-1 


-47 






49-7 








M-o 


»3-o6 


4-32 


52-9 


■K. 


59-2 


i64i 




+ 3- 


55-2 


-4-6 




-IIi( 


47-3 




Atl4'56theturveot 




IS 


M-80 


416 


S3'i 


57-9 


■84 




+ 5-3 


S3-I 


-4-7 


-'7-4 


-l«.l 


4S-8 




No. 3 hu been 




30 


M-74 


4-10 


53-4 


84 


55-9 


*s 


eoM4 


+5-6 


S5-1 






-11.8 


44-1 


I^ 






a 


23-60 


3-96 


S3-9 


S-i 


5»-7 


■88 


♦ o^6 


4-S-8 


55'3 


-4-5 


-iV? 


-10.9 


41-8 


10.6 


by l-o Sc di«.,. 
AHmeuura after 




le-o 


33-48 


j-84 


54-1 


7-9 


51-4 


l6.flo 


^0.48 


+4.1 


13-8 




-14-8 


- 8.7 


42-7 
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C6a. 

Table showing results of Temperature Experiment No. 3 with Magnet 2 and Fibre 12 

corrected for slip. 



Date. 



Civil. 



Time. 



L.M.T. 



in. 1902 • 


7*S2 


f» • 


8-0 


99 * 


15 


if * 


30 


n • 


45 


f» • 


9*0. 


99 • 


>S 


99 • 


30 


M • 


45 


>» • 


10*0 


» • 


15 


» • 


30 


w • 


45 


W • 


II'O 


>» • 


19 


»» • 


30 


>» • 


45 


»» • 


1 3*0 


»» • 


15 


M • 


30 


»» • 


45 


99 • 


i3'o 


>» • 


15 




30 


»» • 


45 


»» • 


14-0 


»» • 


15 


» • 


30 


>f • 


45 


9* * 


«5o 


9» • 


15 


W • 


30 


9» • 


45 


If • 


16*0 



Increment 
in tempera- 
ture uter 
start. 



o'o 

+0*17 

X'22 

5*3^ 
8*86 

II'OO 

11-99 
X3-0A 
13-76 
14-76 
X5-II 
15-16 
i6'o6 
1576 
15-06 
15-06 

1478 
14*16 
12*64 

1 1 '24 

lo*o8 
8*62 

7*44 
6-48 

5*82 

5'o8 

478 

4-5* 

4*33 
4*16 

4*10 
396 

3*84 



Actual 

change in 

ordinate 

due to 
change in 
tempera- 
ture. 



Correction 
for slip. 



0*0 

—2-4 

19-9 

70*0 

II2'2 
141-0 

155-1 
1657 

174-4 
187-1 
189-9 
I9I7 
203-1 
196-0 
185-1 

185-5 
181-8 

1737 
1531 
1327 

119-7 
98-3 
855 

73*6 
65-1 

59*5 
550 
526 

497 
47'3 
45*8 

44-1 
41*8 
427 



0-0 

-0-3 

o'6 

0-9 

1-2 

1-5 
vS 

2*1 

2-4 

2*7 

3-0 
3*3 

37 
40 

4-6 

4-9 
52 

5*5 
5-8 
61 

6-4 
67 
7'o 

73 
7-6 

7*9 

8-2 

8-5 
8*8 

91 

94 

97 
10*0 



True 
change in 
ordinate 
due to 
change in 
tempera- 
ture. 



0*0 



n 

205 
70-9 

"34 

142-5 

156-9 
167-8 

176-8 

189*8 

192*0 

1950 

2067 

200*0 

189-4 
190- 1 

1867 

1789 
158*6 

138-5 
125-8 

104*7 
92*2 
8o-6 

73*4 
67*1 
62*9 
6o*8 
58*2 
56*1 
549 

53*5 

•51-5 

527 



Tempera- 
ture coeffi- 
cient for i^ 
Cent -6 

+ 3. 



t.* 



15*9 
16-8 

13-2 

12*8 

13*0 
131 

12*9 
12*9 
12*9 
12*8 

139 

12*9 

127 

12*6 
12*6 

127 
12-6 

12*5 

12-3 

12.5 

12*1 
12*4 
I2'4 
12*5 
12*2 
12*4 
12*7 
12*8 

130 
13-2 
13*0 
13-0 

137 



Remarks. 



Columns i, 3, 3 and 4 are copied from 
columns ij 2, 4 and 15 of the tempoa- 
ture experiment. 

The total slip measured from 7*50 to 16*0 
b lOy and this has been distributed 

unmformly throughout. 



'Mean i2*6o7< 



C. 7. 

Reduction of temperature coefficient of Horisonial Force Magnetograpk (Ifj/M»'r). 
First Experiment with Magnet j and Fibre 3. 





Maonbt 3. 


FiBRB 3. lltaT. 1. 


Maohbt t. Fibre >. Inst. 3. 




' 


' 


3 


4 


3 


6 


7 


8 


9 


.0 


■' 


,2 


13 


U 


•5 


16 


Remarks. 








ii 




i~ 


i 






i 




1 


7" 


1 

H 


M 


II 

1- 


y -oDooi C. G. S. 
Units. 


Oatfc 


Timt. 






1 
1 

.s 


h 

.a 5 


^ 


i 


I 
1 




.1 
1 
.5 


M 

i 


1 


Scale coefficient of 

-4-8'7. 
Sctla coefficient ol 






i_ 


1 


h 


Ii 


H 


1 


1 


h 


!| 


-3-7' y . 

Temperature o- 
efficieot of No. 3 


































-1377. 




lun. 


Cent 


Cent 


Sc. 

Di«). 


Sc 
divn. 


y 


Cent. 


Cent 


7 


S.C. 


&c. 

dlvD. 


7 


Y 


7 


7 


6th Feby. i9<n 


K 


JI-05 


0-00 


7S-0 


t«i 


o« 


I4-7S 


CHJO 


CMJ 


64-3 


ot> 


00 


00 


os> 




Pirei lighted. 




1119 


+thJ4 


74-3 


-0-7 


-3-4 


■4-74 






644 




■•■0-4 


4-0-3 


IH 


—15-4 






ts 


«-8o 


1-73 


70« 


5-0 




■73 


-0<.l 


-0.3 


651 


+ »8 


+■3-0 


■^37 


13-3 






30 


i64d 


S-55 


S9-5 


15-5 


74< 


14-72 


-o«3 


— 0-4 


65-0 


+ 0-7 


4-34 




76-8 


13-8 






45 


J0-5O 


8-45 


5»'3 


33-7 


109-3 


-73 




-0-3 


64-7 


+ 0.4 


■H-5 




I10-4 


1 3-1 






9^ 


30*3 


9-58 


49« 


afro 


JIS-" 


1474 






643 








I3S^> 


13-0 






'S 


31-80 


10-73 


45-9 


*)-i 


1400 


■75 




00 


64-1 




—0.7 


-0-7 


139-3 


13-0 






y 


S£ 


11-45 


41-I 


33-9 




14.76 






63-9 




-■■3 






12-6 






45 


12-75 


39« 


35-a 




-76 






63-0 


-1-3 


-4-8 


-47 




13-9 






10-0 


34-10 


'3-05 


38-9 


36.1 




14-76 




■t-0-1 


639 




-S'2 


-5'1 




12-9 


U<t fuel added. 




IS 


34*5 


i3-»o 


SS-O 


iTO 


.78.0 


.76 






63.4 


-1-9 


—7-0 


-fr9 


171.1 








JO 


34-56 


'3-S> 


37'5 


37-3 


.8»4 


•4-76 




-KO-I 


62.S 


-1-5 


-5-6 


-5-5 


174-9 


II-9 


takcD. 




45 


35-18 


14.13 


3S-8 


39-3 


188-6 


-77 




+0.3 


62.7 


-1-6 


-5-9 


-5-6 


183-0 


I3<> 








35-40 


■4-35 


3S-I 


39-9 


'9>-9 


14-78 


+0-03 


-fo-4 


62-8 


-IS 


-S^6 




186-7 


13-0 




B 


15 


34-78 


13-73 


37-' 


37-9 




■78 




4-0-4 


62-3 


-i-S 


-|4S 


-S-a 


177-1 


13-9 


^MoM 13-90 y . 


, 


30 


33-84 


12-79 


394 


35-3 


16^3 


14-78 


+ o<i3 


+o^ 


634 


-(-5 


-5^6 


-5-1 


164-1 


t3-8 


Both doocs hall 


^ 


41 


3*86 


11-81 


43-5 


ja-S 


1S6.3 


•79 


to«4 


■fo-5 


63.8 


-1-5 


-5^6 


-5-1 


131-3 


12-8 


. 


IM 


31-76 


1071 


46-1 


36-8 


138-5 


-Bo 


■KH3S 


■l-o* 


63-8 


-0-5 


-1-9 


-1-3 


137-3 


12-8 




» 


■5 


Omit- 
ted. 

3»90 


... 


So< 


14-4 


"7-4 


14-82 


+007 


4-0-9 


641 


-0-3 


-07 


4-0-2 


117-6 


.-. 


Fires temoved. 


» 


30 


7-«5 


S3-4 


31-6 


TD3-9 


-87 


+ 0.12 


+ 1-S 


63.8 


-o-s 


-1.9 


-0.4 


"13-3 


14-5 






45 


*«o 


5-35 


57-4 


■7-6 


B4.7 


14-92 




■h3-3 


63-9 




-1-3 


♦ 0-7 


85-4 


'3-4 






13^ 


36MS 


5-40 


60.0 


IS-o 


73-3 


14-94 


+0-I9 


■**-4 


63-8 


-o-S 


-1.9 


4-0-3 


727 


'i-S 






•5 


aS-Jo 


+6S 


62.3 




6i.| 


■97 




■*-3.8 


63-7 


-0^ 




4-o« 


61-7 


133 






30 


as-io 


4-05 


tu 


il-S 


553 


IS-oo 


+0.25 


4- 3-3 


63-3 




-37 


:S 


54-8 


"3-3 






45 


34-50 


3-45 


10-3 


49-1 


■04 


+0.29 


■»3^7 


631 




-43 


48-3 


I4« 






14-0 


*<-iS 


3-M 


66^) 


SH) 


43'3 


-08 


*'0-33 


4. 4-2 


63« 


-0-7 


-3< 


4-1-6 


44-9 


14KI 






15 


33-85 


3-So 


66^ 


8-1 


39-0 


15-1 a 


■ho-37 


■•■4-7 


63-4 


-0-9 


—3' 3 


4.1.4 


40-4 


14-4 






» 


»3-55 


3-SO 


67-5 


7-S 


36-1 


.16 


+0-4I 


■>5-i 


63^4 




-3^3 


4-1-9 


3»<. 


IS-3 






45 


»3-3S 


a-30 


68-1 


6-9 


33-2 




+ 0-45 


■t-5-7 


63'4 


~*9 


— 3^3 


*■'■* 


35-6 


155 






15-0 


aj-io 


3-1 S 


68-4 


e« 


31-7 


■24 


■•■0-49 


+ 6-3 


63^3 






♦ a-s 




15-9 






13 


»3.io 


9-OS 


690 


6« 


*9 


15-38 


■t-o-S3 


-^6-7 


63« 




-1-6 


4.41 


J3-0 


16-1 






J» 


ai-95 




69-3 


S'5 


36.5 


■3a 


4-0-S7 




63-7 


-0* 




+ 5^<' 


3t-5 








45 


M-90 


1T5 


697 


S-3 


35-5 


IS^36 


+ 0.61 


■'7-7 


63.7 


-0^ 




■»55 


31-0 


ifrS 






16-0 


32-75 


1-70 


70-4 


4-e 




15^ 


4 06S 


-fS-j 


64-a 






■fJ-9 


300 


17-6 





Reduction of temperature coefficient of Horizontal Force Magnetograpk {Watson's). 
First experiment with Magnet 3 and Fibre 4, 





Mao NET 3- FiBitB4. Inst, i. Maombt i. Fibrs 1. Inst. 1. 




' 


' 


3 


4 


5 


6 


7 


S 


9 


.0 


" 


.3 


"3 


■4 


'5 


16 


Rbmaxkj 


Date 


Time. 


H 




1 

S 


T 
1 


ll 

.23 


t- 


IS 

ii 


i 


i 

.s 

1 


1 

s 
.s 


r 

s 
9 . 

Ii 
ll 

i 


£ 

1 


11 

|,5 


1:3 

1'? 
-i 

+ 


y — oooot C. G. S. 

Units. 
ScaJe valus of No. i 

i nKnimenl — 5-oiy . 
Scale value of No. 3 

'fficiCDt for No. 2 




1i.ni. 


Cut. 


!1 


Sc. 


Sc. 


•r 


CwL 


Cent 


T 


divn* 


Sc. 
divBi. 


Y 


y 


7 


y 


- -13-7 7. 


■olh Feb. igoa 


7-J3 


iMo 


0^10 


6s-o 


00 


00 


14.70 


ooo 


0.0 


631 


0-0 


o« 


fro 


00 




F™ lighted 7-33. 




47 


ro-35 


+ o<45 


C3-9 




-5-5 


-70 


0-00 


oo 


63-0 








— S-I 


-■1.3 






8-3 






57-8 


7-3 


36.1 


14.70 




o« 


63-6 


-•-0.3 


+ 1-9 


+1.9 


38* 


16.S 






17 


^ 


6-90 


4S-0 


20« 




.70 






64-3 




+4-S 


+ 4-5 




15-3 






aa 


19.10 


9-30 


39-» 


35-1 


I36h> 


■470 




o-o 


&f4 


-H-3 


.t-4-8 


+4-8 


.30« 








47 


31-40 


n-so 


35-9 


39-1 


.46-1 








64-4 


-H-3 


*^■6 


-•■4-8 


150-9 








ft-j 


31.20 


ia-30 


33-<) 




156-1 


14-70 


OflO 


a-a 


64-2 


♦ 11 


+4-1 


+ 4-1 


.60-3 


13-0 






17 


33-60 


13.70 


3>o 


350 


'75-7 


-70 






640 


+ 0.9 


+3-3 


+ 3-3 


179-0 








33 


34*0 


14.70 


37-* 


w-e 


lB8* 


14.70 


000 




6J-4 








189^) 


I3M 






47 


35.JO 


15-30 


26-3 


38-7 


'^ 


^ 






63.1 








194.1 


13.7 






lew 


35'8o 


15-90 


as-o 




14*8 


—oot 


-0-3 


63c 






-0.7 




13-6 






iG 


35-44 


'5-54 


26-8 


38^ 


IOI« 


<8 




-0-3 


63.1 






-0.3 


X5 


13-3 






30 


34-70 


■4-80 


atg 


36-1 


l8i.2 


«8 






63.0 




-0-4 


-0-7 




Last roet added. 




44 


S4-SO 


.i-60 


3Q« 


56-0 


180.7 


«8 




-0-3 


62^4 




-3-6 


-3-9 


177-8 










3S-3S 


15-48 


a&o 


39* 


19S-8 


14-68 






63-0 








191-4 


12-4 






'5 


35-70 


iS-So 


35-3 


39-7 


199-3 


.69 






61-7 




-M 




194-0 


13-3 






30 


35-14 


15-34 


27-3 


37-7 


189-3 


■70 






Gi« 
6i5 




~4-S 


-4-5 


184-8 








45 


34M3 


14.53 


30-0 


35-0 


175-7 


■71 


+<y«i 


4-0-I 


-1-3 


-4-8 




1710 


1)4 


Both doon opened 


„ 




33-50 


13-60 


32« 


33-3 


161.6 


1479 


■HO^ 


+0.5 


6t« 


-1-5 


-5-6 


-5M 


lS«-3 


n-3 


Both doon opened 


» 


»S 


3t-70 


ii«> 
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C8a. 

Taile showing results of Temperature Experiment No. i with Magnet 3 and Fibre 4 corrected for slip. 
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C.5. 

Reduction of temperature coefficient of Horisontal Force Magnetograpk {Watson's). 
Second experiment with Magnet $ and Fibre 4- 
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Tabli showing results of Temperature Experiment No, 2 with Magnet 3 and Fibre 4 corrected for slip^ 
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APPENDIX. 



Abstract of deductions made from the Tables of comparisons of the Pao Mapietcgraphs, and the base line values 

found /or each^ 

The H. F. Magnet is constrained by the torsion in the fibre to lie with its North end East and the recording 
arrangement is such that an increase of H. F. corresponds to an increase of ordinate. 

If the fibre slips or gives way under the strain, the ordinates will increase ; conseouently a sudden increase of 
ordinate not common to boih instruments presumably denotes a slip in that one in wnich the increase occurred. 
Hence also as the last column of the tabhs of comparisons gives the quantity Instrument i — Instrument 2, an 
increase in the values in this column shows that a slip has occurred in No. i instrument, whereas a decrease 
would show that a slip had occurred in No. 2 instrument. 

Now an examination of the base line values of No. 2 instrument and of the comparative tables shows that no 
gr^t slip occurred at any time in No. 2 instrument. Between the 13th January and 19th February there is a 
decrease in (he base line value from '3329T to '33270, and this probably represents pretty closely the slip or 
settlement that occurred in fibre No. 2 during that period. The deflections obtained during the atyove period 
show that there has been no marked change in the moment of the suspended magnet and any decrease in the 
moment would make the ordinates also decrease and thus increase the bas^ Kne value. An examination of the 
curves shows a sudden decrease df ordinates at 15*30 on the 27th January amounting to 157 and a sudden increase 
at 15*0 on 31st January amounting to about 47. No certain explanation can be given of these changes the first 
of which, it may be noted, is in a contrary direction to that of a slip, but it is probable that they were due to an 
actual deflection caused by the apjproach of some magnetic substance thereafter left in position. The base lines 
at these points are unchanged ana no general shift of the instrument can therefore have occurred. Consequently 
there is strong evidence for accepting trie changes giver by No. 2 instrument as showing the real changt:s that 
occurred during any short period such as that occupied by an entire temperature experiment. 

All the temperature experiments were made with No. i instrument. 

The two experiments^ with magnet i and fibre 2 were made on the 6th January afid 24th February and an 
examination of comparative tables Nos. Di and D8 shows that on both occasions not only were both instruments 
in accord before and after the experiments but also that there is no evidence of slip during the experiment 
itself. 

These two experiments seem therefore quite satisfactory, and the results are in close accord. 

Magnet 2 and fibre 12 were tried on the 15th and 20th January and the first experiment seems satisfactory 
but the second must be rejected as there is unmistakable evidence of sudden shifting having occurred during its 
progress. Shortly afterwards it was broken and after repairs, was again tested on the 31st January and the 
experiment on that date is moderately satisfactory. Such slip as occurred in the course of it was probably gradual 
as the curve is smooth throughout and a correction has therefore been applied on the assumption that this was the 
case. 

• 

Magnet 3 was tried with three different fibres, trf>., Nos. 6, 3 and 4. The first trial with fibre 3 on the 23rd 
January b unsatisfactory as slip undoubtedly occurred, but as the curve is smooth except where a well marked 
jump occurred towards the end of the experiment, an attempt has been made to correet the results by c&tributing 
the slip on the assumption that it was uniform up to this jump. 

The second experiment on the 28th seems quite satisfactory. 

Fibre 3 behaved very badly at first but seems to have steadied down before the experiment was made on the 
6th February and there seems no reason why the result should be rejected. 

The pair of experiments with fibre 4 were made on the loth and 12th February and by correcting the results 
on the assumption of uniformity of slip, a close approximation to the truth has probably been obtained. The 
airves are smooth throughout and table 7 shows that the fibre was slipping steadily with a small but fairly uniform 
rate throughout the whole period during which it was suspended in No. i instrument. Subsequently when tried in 
No. 2 instrument the fibre seems to have behaved fairly well. 
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Comparison of Magnetograpks Nos. t and 2 during the Temperature Experiments. 
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D2. 



Comparison of Magnetographs Nos. i and 2 during the Temperature Experiments. 
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During the above comparison the arrangement wa8-« 
No. I Inst. Magnet 2. Fibre 12. 

» 3 ^ ff I. jy 2. 

There is nothing in the above figures to show that any serious shift occurred ia either instrun^it durincr the first experiment with Magnet 
2 and Fibre 12. In the 3nd experiment the Fibre seems to have slipped to the extent of 8 CG.S. unts and an inspection ol tne 
curve shows several sharp jumps. The 2nd experiment must therefore be rejected* 
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Comparison of Magnetographs Not, t and a during the Temperaturt Experiments, 
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temperatures with 
the aid of the ther- 
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58-0 


214*6 


238*4 


511 





is probably not 
ifreater than o'l or 
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0*2 Cent. 
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6oK> 
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235-8 
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0.9 
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323-4 


328.4 


5M 


15.7 


0.7 


8.8 


60.2 


222*7 


231*5 


5x5 


— I 




No. 2 inst. 
between 3-27 
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68-6 
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0.6 
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238.7 
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and 3.39 P.M. 
Compari&on rf 
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66.2 
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0.6 
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the ordinates at 
these hours 
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occurred* in 
the interval 
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the trace of 
No. I Inst. 
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shows that 
there was no 
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change in the 
force durin&r 
this interval. 


» 


Mid 


*» 


» 


» 


71.4 
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Hence the ordi- 
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7 ••4 


344-1 
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nates of the 
curves 00 27th 
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57-9 
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to 29th have 
been corrected 


i» 


6 


t» 


» 


n 


72.9 


351-4 


356.4 


542 


15-7 


0.7 

1 


8.8 


59-1 


218*7 


237*5 


511 


4-31 


+ .6, 


accordingly. 



This tabulation was made to account for and show the nature of the divergence which occurred in the results given by the two instruments 
between 1-15 P.M. on 36tb January 1902 and 7-40 a.m. on 28th January 1902, as shown in Table Op. 

The figures indicate that there was no appreciable difference between the mstruments up till 3 A.M. on 27tK From that hour till S p.m. 
a gradual shift of one of the mstruments relatively to the other seems to have taken place. After 8 P.ir. on 27th til] the system in No. i instru- 
ment was changed on 39th, no appreciable change has occurred. The investifliation IS complicated by the sudden, shift which occurred io No. 2 
Instrument^ when changing papers on 27th ; the reason for this s'lift is not known, but the evidence tnat it occurred is perfectly clear. 



D5. 

Comparison of Magnetograpks Not. I and a during the Temperature Experiments. 



Magiiet<4;taph No. i. 

Sc»leto-efG£ienl-6-5o T- 

Maaa va.lue of Base line— '33I37- 

Selected mean temperature— 31 °'o Cent. 

Temparatareca-efficieDt~i3'5 f. 



lean value of Baw liae— '33186. 
Selected iiieaDiemp.»i5°'oCeBt. 
Temp. ctK«EEcieat— la's 7- 



II 



:re QMerrad 



curve of No. z I 
trament at 3 F 
which has b 



TbearreeiiieDtbetwecQtheinilniBieiittnnoteDedbefDrelbeleinpeiatnreKpBi'iaieatduriptCWhichkdipof i« T "«"« to »ia»e oceiin*d 
botai there 1! no etidenee (rom Ui« mm of No. i lottofany luUeDnMmneiit, theatipprobiOily occurred Br"*t""J '"^ ""'J ** "»*«' «>' 
ID the eoBipulatwDi. 



D6. 





Comparison oj Magiteiograph 


s Nos. t 


and 3 during the Temperature Experiments. 
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DdrinE the above comparinn the amDjvment wu 
No. I Initniment, Magpet 3 and Fibre 3 



TheabMlntaabaervationg froin nrhich the baM Use valaM are derived oecnpied f-om ii-sSto I3>t on the 5th fefaraarjr and in thscaae of No. 1 
Inrtrnmeat the last remit bad to be rejected owiog to the appeaiaace (ri tbelarge and ladden iljp that commenced auout i3-5oao<l «nded 

From ibistiiBe on ward* till Mwnet 3 a*d Fibrs 3 were diimoaated the acTeemenl between the intitnimeiila Ufair and there is certaiiilT noerS- 
deocB of slip ia Na. 1 Inst, during the eiperiment. If aaythiag tt would Mem that the other iaitniment was at faglt, but the alifht discordance of 
thelast three values ie the lajtcoluma is probiblj acddaotal. t>n the whde, it would appear thatthe temperature eiperimeat with Magnet 3 and 
Fibre 3 may be acceoted and it is rep^ttabla that a farther trial Wai not made with the syMem. Tbe very obviooa shift that occurred {ust after- 
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D7. 

Comparison of Magnetographs Nos. i and 2 during the Temperature Experiment. 

ments with Magnet 3 and Fibre 4, 



1st and 2nd Etperi^ 
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■ 

During the above comparison the arrangement was— 
No. I Inst., Magnet 3, and Fibre 4. 
ff 2 pf i» 1 » 2. 

A large slip occurred between the 8th and 18th. During the first temperature experiment a slip of about 19 y occurred and during the 
second experiment a slip of 10 y. Between the two experiments there was no slip, but after the second a steady slip of about 

5 to 7 y seems to have continued till the system was dismantled. 
Obviously these two temperature experiments are nnreliable, and a« Ur as the above Hguges go Fibre No. 4 seenns to have been in a» 
sastabk ccndkioA. 
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D8. 
Companson of Magnetographs Nos. i and 2 during the Temperature Experiment. 
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During the (bore comparison the ananKement vas— No. 1 lottrameot. Magnet, t and Fibre 3. 
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Comparison of Magnetographs Nos. i 


and 


2 after the Temperature Experiments. 
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Comparison of Magmtographs Nos. t and 2 after the Temperature Experiments '^coniA. 



Magnetograph No. i. Scale co-efficient •■ 

4*007 
Magnet i) ^ean valoe of base Kne - 

Fibre 2 k *333>5 ^* ^* ^* 

3 Temperatare co-efficient * 12^, 

Selected mean temperature * 22^ Cent. 



Magnetograph No. 2. Scale co-efficieot * 

4-45 y« 
M.».^ .^ Mean value of bane line * 

^g»^n .33300 cG.s. 
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a»^h^M.!^?^*I«^2I?flf• »nJ»»5,«J»OTdance up to 28tli March, though it seems that No. 2 has given way slightly relatif ely to No i Aff-r f^. 



G. 1. C p. O.—N0. 174 S. a— 257-o5**35o.«W. D'C. 
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Hkb Gorres are traoed from the ongioib and 
reduced Ij phoiographj to 4 Male. 
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Teoipemtaie Izperimflni No. 1. 

Magnei 1 and Fibre 2 in LutruneBt No. 1. 

Batee-l-OS. 



Rg. 3. 
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Kg. a. 

Magnet 2 and Hhn 12 in Liftnimeni No. 2. 
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Kg. 4. 

Magnet 3 and Fibre 4 in Inetiument No. 2. 
Dai« 24-2-02. 
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Tbe ourfM an tnoed from the originAb aod 
reduced hj photography to i scale. 
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Fig. 1. 

TemperatuK Eiperinent No. 2. 

Magnet 2 and Rbre 12 in Inatnunent No. 1. 

Bate IS-l-itt. 



Fig. 3. 

Temperatare Eiperiment No. 2. 
ICi^iiet 2 and Fibre 12 in lostrumeBi No. 1. 
Date 20.1-02. 
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Kg. 2. 

Magnet 1 and Fibre 2 in Inatraaent No. 2. 
Date 16>1- 02. 



Fig. 4. 
Magnet 1 and Fibre 2 b Tnetniment Na 2. 
Date20-14». 
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PLATE m. 

The ennM an traced from the originab and 
ledttoed bj [rfioCogr^j io i scale. 



Kg. 1. 

Temparafcure SiperiaicDt No. 4. 

Magnet 3 and Fibre 6 in Instmmeiit No. 1. 

Bate 2i-l-0S. 



Fig. 3. 

Temperatare £xpennieat No. 6. 
Magnet 8 and Flbie 6 in Inatniment No. 1. 
Bate 88-1-02. 
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Fig. 2. 

Magnet 1 and Fibre t in Instrument No. 2. 
Bate 24-1- 02. 
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Kg. 4. 

Magnet 1 and Fibre 2 in laatrument No. 2. 
Bate 28-1-02. 
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Tht ourvei are tnoed from the originals and 

Tempeniure ExperiiAent No. 6. 

linnet 2 and 7ibi« 18 in Inairument No. 1. 

Date 81-1^2. 




I- 

9 



10 



u 



It 



14 



1ft 



1C 



Kg. 2. 

Magnet 1 and Fibre 2 in Inatrunent No. 2. 
Bate 31-1- 02. 
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PLATl V. 
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Tsmpenture £xperunent No. 7. 
Magnel S sod Fibre S in lof tnuneni Ko. L 
Date 6-2^2. 
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Portion of Cune on 6-2-02 
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Magnet 1 and Fibre 2 in Inatnunent No. 2. 
Date 6-2-02. 
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